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Reports 


A Priority System for the Inspection of X-Ray Facilities 


Bobby L. Dillard and Charles M. Hardin‘ 


A method of establishing a priority system for performing radiation safety 
inspections of specific x-ray facilities in Kentucky by a State radiation control 
program is described. Data obtained from past inspections of radiographic, 
fluoroscopic and dental x-ray facilities are evaluated, and a priority number is 
assigned to these facilities. Those facilities with the highest priority number will 
be surveyed first on the next round of inspections. 


It is well established that x rays, particularly 
medical and dental x rays, contribute the largest 
unnecessary exposure to the population of any 
man-made source of ionizing radiation. It is the 
primary objective of any radiation control pro- 
gram to reduce this unnecessary exposure to the 
lowest practicable level without hindering the 
beneficial use of this invaluable tool. 

Since the immediate impact of reducing radia- 
tion exposure to the population is not readily 
apparent as with other fields of public health, 
it is necessary to evaluate this impact by some 
other means. State radiological health programs 
are constantly faced with the problem of evalu- 
ating the effectiveness of their programs in im- 
proving the health of the population by their 
particular service. 

Any method or system that a program uses to 
perform the evaluation of its effectiveness must 
consist of three distinct processes: 


1Mr. Dillard was radiation consultant, Radiological 
Health Program, Kentucky State Department of Health, 
Frankfort, Ky., and is presently chief, Regulatory Relations 
Section, Office of Regional Operations, Bureau of Radio- 
logical Health, Rockville, Md. 20852. Mr. Hardin is assistant 
director, Radiological Health Program, Kentucky State 
Department of Health, Frankfort, Ky. 
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(1) A method of evaluation, based on the need 
for the specific service, must provide for estab- 
lishing priorities, with the benefit of such service 
being the maximum for each dollar spent; 

(2) The method should provide a mechanism 
to guide the program to reach its objective; 

(3) The method must show that the activities 
performed by the program are based on the 
greatest need for the greatest number of people. 

In the fall of 1968, the Kentucky Radiological 
Health Program initiated a system of establishing 
priorities for performing x-ray inspections through- 
out the state. This system provided the Kentucky 
Radiological Health Program with a method of 
evaluating the effectiveness of the program ac- 
tivities in accomplishing its objective of reducing 
x-ray exposure to the population. It is felt that 
the system used in Kentucky can be adopted, 
possibly with minor modifications, for radiation 
control programs of other States as well. 


Priority system 


Over the years, several methods have been used 
to establish the frequency of x-ray inspections. 
However, none of these methods seems to effec- 
tively combine deficiencies found during past in- 
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spections with the number of people exposed, in 
a manner which would make it possible to deter- 
mine the frequency of inspection required. Since 
the major objective of a radiation control program 
is to offer its service to the maximum number of 
people, the system which has been developed 
combines these two factors (deficiency of the x-ray 
machine and the number of people exposed by 
the x-ray machine) to establish a facility priority 
number. 

In certain instances, there may be geographical, 
economical, occupational or other conditions 
that require special attention. Although the popu- 
lation affected may be small, the potential problem 
may be great. Under these circumstances, it may 
be necessary to deviate from, or even ignore, the 
priority number established. 

The described system does not provide a priority 
number for medical therapeutic, industrial, or 
veterinarian x-ray facilities. The system specif- 
ically provides a priority number for medical, 
chiropractic, and dental x-ray facilities. In Ken- 
tucky, medical therapeutic, industrial, and veter- 
inarian x-ray facilities represent less than 4 percent 
of the total registered x-ray facilities. In addi- 
tion, their mode of operation differs so signifi- 
cantly from medical, chiropractic, and dental 
x-ray use that it is very difficult, if not impossible, 
to establish one system to cover all disciplines. 
With industrial and veterinarian x-ray facilities, 
only the operator is exposed—human patients 
not being a factor. With medical therapeutic 
x-ray facilities, the consideration for human 
patient exposure is entirely different than that 
for radiographic exposures. In the future, it is 
proposed to establish a priority system for these 
disciplines as well. 

To arrive at the appropriate facility priority 
number, each machine in a given facility is han- 
dled individually. Tabulated in tables 1, 2 and 
3 are debit points which are assigned to deficient 
items for radiographic, fluoroscopic and dental 
x-ray machines, respectively. These debit points 
were determined by relating the items with respect 
to their importance in reducing unnecessary radi- 
ation exposure. Both the operator and the patient 
were considered. 

In the tables, each item is a positive question. 
The debit points given for each item are con- 
sidered only if the machine does not have or use 
the item in question. 
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Table 1. 


Debit points for radiographic machines not 
meeting stated criteria 





Criteria Debit points 


Operating personnel: 
Registered technician 
Trained and experienced operators 
Personnel monitoring system 
Film and screen: 
Film speed (fast) 
Type of intensifying screen (fast) 
Darkroom: 
Adequate darkroom (clean, light-tight, etc.) 
Automatic process or thermometer used 
Timer used 
Filtration and collimation: 
Proper filtration for kVp used 
Rectangular variable aperture light-finding 
collimator 
Adequate collimation 
Timer: 
Deadman exposure switch 
Adequate timer 
Protective devices: 
Gonadal shield (primary) 
Gonadal shield (secondary) - - -- 
Adequate operator protection - --_- 
Adequate primary and secondary 
Diagnostic type tube housing 








The data obtained from past inspections are 
evaluated and assigned debit points obtained 
from the tables. It is important to emphasize 
again that the debit points are assigned only when 
the machine or facility does not meet criteria 
in question. If the machine meets the criteria, 
no points are assigned. 

After the debit points are assigned, they are 
totaled. This total is then multiplied by the total 


Table 2. Debit points for fluoroscopic machines not 
meeting stated criteria 





Criteria Debit points 


Operating personnel: 

Radiologist 

Personnel monitoring system 
Equipment: 

Image intensifying device 
Accessory shielding: 

Leaded gloves 

Leaded apron 

Bucky grid slot cover 

Leaded drapes around screen 
Dark adaptation: 

Adequate dark adaptation 
Usual operating procedures: 

SS OS eee ee 

Time, <5 minutes 
Screen: 

Sereen ganged to x-ray tube 

Screen cannot rotate out of beam 

Leaded glass satisfactory 

Shutters function properly 

Useful beam limited to screen 
Distance: 

15 inches from target to panel 
Roentgen output: 

Output <10 R/min at panel surface 

< 5 R/min at panel surface 

Filtration: 

Proper filtration for kVp used 
Timer: 

Deadman exposure switch 

Manually reset cumulative timer 
Fluoroscopie room: 

Light-tight 


ew - WD 


wo O-den BR & 


— 
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Table 3. Debit points for dental machines not meeting 
stated criteria 





Criteria Debit points 
Operating personnel: 
Trained and experienced operator 
Personnel monitoring system 
Film: 
Film speed (speed group, D or greater) (1) 
Darkroom: 
Adequate darkroom (Clean, light-tight, 
Thermometer used 
Timer used 
Pointer cone: 
Ope 
Filtration and collimation: 
Proper filtrationf or kVp used 
Adequate collimation 
Timer: 
Adequate timer 
Deadman exposure switch 
Stability of tubehead: 
Tubehead stable 
Protective devices: 
Diagnostic type tube housing 
Adequate operator protection 
Gonadal shield (secondary) 
Adequate primary and secondary barriers________- 








radiographic or dental exposures made per week 
for the machine in question. If the number of 
exposures has not been determined, but the num- 
ber of patients exposed per week is known, the 
films per examination listed in table 4 may be 
used. 

For fluoroscopic machines, an additional factor 
of 10 is used to compensate for the difference in 
the low number of milliampere-seconds used for 
radiographic examinations as opposed to the high 
number of milliampere-seconds used for fluoro- 
scopic examinations. 

The product obtained by the multiplication 
of the debit points and the exposures per week 
with the additional factor of 10 for fluoroscopic 
machines may be large and cumbersome; there- 
fore, this product is divided by 100. 

Radiographic and dental formula: 


Priority number = 


Total debit points x exposures per week 
100 





Fluoroscopic formula: 
Priority number = 
Total debit points x examinations per week x 10 
100 


The priority number obtained above represents 
a number for a specific machine. If the facility 
has only one machine, this number also represents 
the facility priority number. When the facility 
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Table 4. Average workloads 





Type of practice Films per examination 


o |! 


Private practice radiologists 
Private practice___ 

Hospital 

Clinic_- 

Mobile 

Other___- 

Dental__- 


ess» 
mh NN tO 
NOrLUIA®w 


* Obtained from reference 2. 


has more than one machine, the priority numbers 
for all machines are added, and the total obtained 
is used as the facility priority number. 
Examples of using the system are as follows: 
1. A dental office with one machine having a 
workload of 100 exposures per week was found to 
have the following deficient items: 


Item 
(a) No monitoring system 
(b) No open end cone_ __.- 
(c) No gonadal apron__. 


Debit points assigned 


In the formula: 


8 x 100 _ 
100 


Priority number = 8.0 


2. A clinic, physician’s office or chiropractic 
office with one radiographic machine and with 
a workload of 20 exposures per week was found 
to have the following deficient items: 


Debit points assigned 

(a) Operator not a regis- 

tered technician 
(b) Medium speed film used 
(ec) Circular cones used (rec- 

tangular variable aper- 

ture light finding col- 

limator not used) 
(d) No gonadal apron or 

protective cup 


In the formula: 


Priority number = 





3. A private physician’s office has a combina- 
tion radiographic-fluoroscopic unit. The number 
of radiographic exposures per week is unknown, 
but 100 patients are radiographed per week. 
Five fluoroscopic examinations per week are per- 
formed. In addition, two spot radiographic films 
are made per fluoroscopic examination. 

For the radiographic machine, the following 
deficiencies were found: 


Item Debit points assigned 
(a) No monitoring system- 3 
(b) No thermometer 2 
(c) Beam diameter—30 in- 
ches: 
No rectangular 
variable aperture 
light-finding 
collimator 
No adequate 
collimation 





30 
35 
Note: 100 patients x 1.8 films per examination 
(table 4) = 180 exposures per week. 
In the formula: 
35 xX 180 
100 


For the fluoroscopic machine, the following 
deficiencies were found: 


Priority number = = 63.0 


Item Debit points assigned 
(a) No monitoring system _- 3 


(b) No image intensifying 





4 


(d) Table top exposure 
rate—11 R/min 


In the formula: 


21 x5 x 10 
100 
For the fluoroscopic machine used as a radio- 


graph during spot films, the following deficiencies 
were found: 


Priority number = = 10.5 
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Item 
monitoring sys- 


Debit points assigned 





(a) No 


In the formula: 


— 5 xX 10 
Priorit ber = ——_— = 0. 
riority number 100 0.5 
For the facility priority number, the machine 
priority numbers are totaled. 
Facility priority number = 63 + 10.5 + 0.5 
= 74.0 


Evaluation of system 


Facilities with high priority numbers are 
grouped together. X-ray inspections are per- 
formed, giving preference to these particular 
high priority facilities. Since this system combines 
the deficient items with the number of people 
exposed, it is felt that this priority system serves 
as a method to assure that the greatest number 
of people receives the service the program offers 
and that the benefit of this service is at the maxi- 
mum for each dollar spent. 

In regard to evaluating the effectiveness of a 
radiation control program, the priority system 
can also serve as a useful “measuring stick’’. 
Figures 1 through 4 show graphically the distri- 
bution of facility priority numbers for dentists, 
physicians, hospitals and chiropractors, respec- 
tively. The data presented in these graphs were 
tabulated on x-ray inspections performed by 
the Kentucky Radiological Health Program from 
January 1967 to June 1969. Five hundred and 
seventy-nine facilities were evaluated, repre- 
senting 25 percent of the total registered fa- 
cilities in Kentucky. 

Although these figures show that disciplines 
may fall into priority groups, the important point 
to observe is that there are some individual 
facilities which have very high priority numbers. 
Therefore, this system indicates that inspection 
frequencies cannot be established on disciplines 
as a group but must be evaluated on the merits 
of each specific facility. 
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The success and effectiveness of the program 
in meeting its objective can now be measured 
by a comparison of priority numbers from one 
year to the next. As the facility priority numbers 
decrease, a direct indication or measure of the 
reduction in unnecessary x-ray exposure to the 
population can be shown and quantitated nu- 
merically. 

It is thus felt that the priority number system 
provides a method of evaluating the service offered 
by a radiation control program. 


REFERENCES 


(1) AMERICAN DENTAL ASSOCIATION COUNCIL 
ON DENTAL RESEARCH. Council adopts American 
standard speed classification for intraoral dental radio- 
graphic film: diagnostic grade. J Amer Dent 280-283 
(April 1965). 


(2) BUREAU OF RADIOLOGICAL HEALTH, PHS. 
Population exposure to X-rays, U.S., 1964, PHS Publica- 
tion No. 1519. Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 
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Disposal of Radioactive Wastes from U.S. Naval Nuclear-Powered Ships and 
Their Support Facilities, 1969 


J. J. Mangeno and M. E. Miles! 


This report summarizes data on disposal of radioactive wastes from U.S. 
Naval nuclear-powered ships and their support facilities and summarizes results 
of environmental monitoring performed to confirm adequacy of waste disposal 
limits and procedures. The waste disposal data presented show that the total 
long-lived radioactivity in liquid waste discharges associated with operation and 
maintenance of Naval nuclear-powered ships totaled 0.05 curies in 1969 for all 
harbors. This is comparable to the average of 0.2 curies discharged per year 
during the preceding 3 years for all harbors and is less than the average of 4 
curies reported discharged per year during the preceding 5 years. Results of 
environmental surveys of harbor water and bottom sediment for gross radio- 
activity and for cobalt-60 have shown that (1) no increase in radioactivity above 
normal background levels has been detected in harbor water, (2) discharges 
of liquid wastes from U.S. Naval nuclear-powered ships have not caused a 
measurable increase in the general background radioactivity of the environment, 
and (3) low-level cobalt-60 radioactivity is detectable in localized areas of harbor 
bottom sediment around a few piers at operating bases and shipyards where 
maintenance and overhaul of Naval nuclear-powered ships have been conducted 
over a period of several years. 

This report confirms that procedures used by the Navy to control discharges 
of radioactivity from U.S. Naval nuclear-powered ships and their support 
facilities are effective in protecting the health and safety of the general public. 


The radioactivity in wastes discussed in this 
report originates in the pressurized water re- 
actors of U.S. Naval nuclear-powered ships. As 
of the end of 1969, there were 87 nuclear-powered 
submarines and four nuclear-powered surface 
ships in operation. In these shipboard reactors, 
pressurized water circulating through the reactor 
core picks up the heat of nuclear reaction. Re- 
actor cooling water circulates through a closed 
piping system including heat exchangers which 
transfer the heat to water in a separate secondary 
steam system; the steam is then used as the 
source of power for the propulsion plant as well as 
for auxiliary machinery. Discharges of radio- 
activity from ships occur primarily when reactor 
coolant water expands as a result of heating a 
reactor plant to operating temperature; this 
coolant passes through a purification system ion- 
exchange resin bed prior to discharge. 


1 Nuclear Power Directorate, Naval Ship Systems Com- 
mand, Department of the Navy. 
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Construction, maintenance, overhaul and re- 
fueling of these nuclear propulsion plants involve 
various shipyards, submarine tenders, and sub- 
marine bases. Liquid wastes discharged at these 
support facilities result from operations such as 
draining shipboard reactor systems, decontami- 
nating radioactivity contaminated piping systems, 
and laundering anti-contamination clothing worn 
by personnel. These facilities are equipped with 
processing systems to remove most of the radio- 
activity from liquid wastes prior to discharge 
into harbors. These facilities have continued to 
be improved to further reduce amounts of radio- 
activity discharged. 

Discharge limits for the low-level radioactive 
liquid wastes from U.S. Naval nuclear-powered 
ships and their support facilities are consistent 
with applicable recommendations issued by the 
Federal Radiation Council, U.S. Atomic Energy 
Commission (AEC), National Council on Radi- 
ation Protection and Measurements (NCRP), 
International Commission on Radiological Pro- 
tection (ICRP), and National Academy of Sci- 
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Table 1. 


Radioactive liquid waste discharges to harbors from U.S. Naval nuclear-powered ships and 


their support facilities for 1966 through 1969* 





1966 


Facility re at Sn SE, 
Thousand 
gallons 


Curies 


1967 1968 


Thousand 
gallons 


Thousand Curies 


gallons 


Thousand Curies 


gallons 





Portsmouth, N.H; Naval Shipyard 

Quincy, Mass¢; Quincy Division_ 

Groton-New L ondon, Conn; Electric Boat Division, 
State Pier, and submarine base_ 

Newport News, Va; Newport News Shipbuilding 

Norfolk, Va; Naval Shipyard and base_ 

Charleston, S.C; Naval Shipyard and base_ mitaveda 

Pascagoula, Miss; Ingalls Shipbuilding Division 

San Diego, Calif; Navy Pier at Ballast Point 

Long Beach, Calif; Naval Shipyard and base__-____-__- 

Vallejo, Calif; San Francisco Bay Naval Shipyard _- 

Bremerton, Wash; Puget Sound Naval Shipyard 

Pearl Harbor, Hawaii Naval eosin and base 

Apra Harbor, Guam 

All other rT harbors. 





Totals?_ 





5,191 


























® Radioactivity data are recorded as if the entire radioactivity consisted of cobalt-60. Volumes are reported prior to dilution. 
b Where discharges for a year totaled less than 0.005 curies, ND is reported. : 
¢ General Dynamics, Quincy Division, discharged a total of 0.02 curies into the river at Quincy, Mass., from 1961 through March 1969 when all work 


on U.S. Naval nuclear-powered ships was completed. 
4 Total curies for each year include discharges reported as ND. 


ences—National 
consonance 


Research Council (1-5). In 
with these recommendations, the 


policy of the U.S. Navy is to minimize the amounts 
of radioactivity discharged into harbors. To 
implement this policy, the Navy has issued stan- 
dard instructions defining the radioactive waste 


disposal limits and procedures to be used by U.S. 
Naval nuclear-powered ships and their support 
facilities. These instructions have been reviewed 
and concurred in by the U.S. Public Health 
Service and the U.S. Atomic Energy Commission. 

The principal source of radioactivity in liquid 
wastes is from trace amounts of corrosion and 
wear products from reactor plant metal surfaces. 
The predominant long-lived radionuclide (i.e., 
half-life greater than one day) in these corrosion 
and wear products is cobalt-60, which has a 5.3 
year half-life; cobalt—60 also has the lowest con- 
centration guide for water (2-4) for these cor- 
rosion and wear radionuclides. Therefore, radio- 
active waste disposal is controlled by assuming 
that all the long-lived radioactivity is cobalt—60. 
Short-lived radionuclides decay rapidly and are 
therefore less limiting than long-lived radio- 
activity for waste disposal considerations. 

Fission products produced in the reactor are 
retained by being metallurgically bound within the 
fuel alloy. The fission gases, krypton and xenon, 
are also retained within the fuel elements. As a 
result, the total radioactivity attributed to long- 
lived fission products (strontium—90 and cesium-— 
137) in discharges from U.S. Naval nuclear- 
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powered ships and their support facilities has 
been less than one millicurie per year for all 
harbors combined. 

Small amounts of tritium are formed in reactor 
coolant systems as a result of neutron interaction 
with the approximately 0.01 percent of deuterium 
normally present in water, and other nuclear 
reactions. Although tritium has a 12-year half- 
life, the radiation produced is of such low energy 
that the radioactivity concentration limit used 
for tritium is 100 times that for cobalt-60. This 
tritium is in the oxide form and therefore com- 
pletely soluble in water; it does not concentrate 
in marine life or collect on sediment since it is 
chemically indistinguishable from water. The 
small amounts of tritium from Naval reactors 
are rapidly diluted to the concentrations already 
existing in the environment. Since tritium from 
Naval reactors is not significant for waste disposal 
considerations in harbors, it is not included with 
other long-lived radionuclides in this report. 

The total amounts of long-lived radioactivity 
discharged into various harbors during the past 
four years are listed in table 1, which updates 
information in references 6, 7, 8, and 9; included 
are data from U.S. Naval nuclear-powered ships 
and from supporting shipyards, tenders, and 
submarine bases. Locations listed in table 1 in- 
clude operating bases and home ports in the 
United States and possessions which have been 
regularly visited by Naval nuclear-powered ships. 
The quantities of radioactivity listed in this 
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table are reported as if the entire radioactivity 
consisted of cobalt-60, the predominant long- 
lived radionuclide. 

The table shows that nearly all the radioactive 
discharges occur where shipyards are overhauling 
nuclear-powered ships. In 1969, for example, a 
total of 0.05 curies was discharged into all harbors, 
including those outside the United States. Es- 
sentially all of this came from shipyards over- 
hauling nuclear-powered ships. Less than one per- 
cent of the total was discharged into all other 
harbors entered by U.S. Naval nuclear-powered 
ships in 1969. The low amounts of radioactivity in 
table 1 discharged by each facility are comparable 
to amounts discharged into rivers by a number of 
other facilities in the United States involved in 
nuclear power programs where stringent waste 
disposal controls similar to those used by the 
Navy are enforced. 

During maintenance and overhaul operations, 
solid low-level radioactive wastes consisting of 


shipyards and shore facilities are not permitted 
to dispose of radioactive solid wastes by burial 
on their own sites. Table 2 summarizes total 
radioactivity and volumes of radioactive wastes 
disposed of from 1966 through 1969. 


Environmental monitoring 


Environmental monitoring surveys for radio- 
activity are periodically performed in harbors 
where U.S. Naval nuclear-powered ships are 
built or overhauled and where these ships have 
home ports or operating bases. These surveys 
are performed to verify the adequacy of liquid 
waste disposal procedures and limits. 

Shipyards, tenders, and submarine bases have 
taken periodic samples of harbor water and bottom 
sediment in the vicinity of berths used by nuclear- 
powered ships, beginning in each harbor prior to 


Table 2. Radioactive solid waste disposed of by facilities supporting U.S. Naval nuclear-powered ships 
for 1966 through 1969* 





Facility Hundred 
undrec 
cubic feet 


Curies 





1969 


Hundred 


cubic feet 


Hundred 
cubic feet 


Hundred 
cubic feet 





Portsmouth, N.H; Naval Shipyard 
Quincy, Mass; Electric Boat Division__---_-__- -- 
Groton, New London, Conn; Electric Boat Div. tender 
at State Pier, and submarine base Wolke 
Newport News, Va; Newport News Shipbuilding - - 
Norfolk, Va; Naval Shipyard and tender_-_ Pocaies 
Charleston, 8.C; Naval Shipyard and tender__ 
Pascagoula, Miss; Ingalls Shipbuilding Division 
San Diego, Calif; tenders at Ballast Point -_------ ; 
Long Beach, Calif; Naval Shipyard and base 
Vallejo, Calif; San Francisco Bay Naval Shipyard 
Bremerton, Wash; Puget Sound Naval Shipyard 
Pearl Harbor, Hawaii; Naval Shipyard ol base 
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® Where total radioactivity is less than 0.5 curies, ND is reported in this table. ; Lied 
b This table includes waste from tenders and nuclear-powered ships since all such waste is transferred to the above support facilities. 


contaminated rags, plastic bags, paper and scrap 
materials are collected by nuclear-powered ships 
and their support facilities. Disposal of these 
wastes at sea is prohibited by the U.S. Navy. 
Solid materials from ships are transferred to a 
shipyard or other support facilities for packaging 
and disposal. In a similar fashion, shipyards and 
other support facilities also package for disposal 
solid waste, such as filters and ion-exchange resin 
resulting from liquid waste processing operations. 
For ultimate disposal, solid radioactive wastes 
are shipped to AEC-approved burial sites since 
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operation of these ships. Radioactivity data from 
harbor water and sediment samples taken by 
individual facilities indicate that operation and 
maintenance of nuclear-powered ships have not 
caused significant changes in the gross radio- 
activity of harbor water or sediment. However, 
relatively large variations in gross radioactivity 
measured in environmental samples do occur from 
changes in natural and fallout sources. Because 
of these variations, monitoring for gross radio- 
activity in harbor water and sediment is not 
sufficient to detect small changes in environ- 
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Table 3. Summary of 1969 surveys for cobalt-60 in bottom sediment of U.S. harbors where U.S. Naval 
nuclear-powered ships have been regularly based, overhauled or built 





Number of samples with concentration® of cobalt—60: Total bottom Estimated total 
a icteetaces SD Pee aes IE area with cobalt-60 in top 
Facility — 60 over layer of 
<10 pCi/em* | 10-100 pCi/em™* | >100 pCi/cm* 10 “ i /em? sediment> 

| (km?) i 


Portsmouth, N.H. Naval Shipyard --_- - 
Quincy, Mass; Quincy Division (final survey) - 
Groton-New London, Conn; Electric Boat Division, State | 
Pier, and submarine base 
Newport News, Va; Newport News Shipbuilding__ 
Norfolk, Va; Nav al Shipyard and base____- 
Charleston, S.C; Naval Shi yard and base 
Pascagoula, Miss; Ingalls Shipbuilding Division_ 
San Diego, Calif; Navy Pier at Ballast Point 
Long Beach, Calif; Naval Shipyard and base 
Vallejo, Calif; San Francisco Bay Naval Shipyard__- 
Bremerton, Wash; Puget Sound Naval Shipyard 
Pearl Harbor, Hawaii Naval Shipyard and base_ 
Apra Harbor, Guam_- 





| 
| 

















«® Minimum detectable radioactivity is approximately 2 pCi/em?. Results in units of pCi/gram are approximately half the value in pCi/em?. 

» Total is from areas with cobalt—60 over 10 pC i/em?, which were in immediate vicinity of piers used for berthing nuclear-powered ships. Where total 
cobalt—60 is less than 0.01 curie, ND is reported. Core sample s more than 1 foot deep from several harbors show that total cobalt-60 present may be two 
to five times that measured in the surface layer. 


mental radioactivity which might be attributed Monitoring for cobalt-60 in harbor bottom 
to operation and maintenance of naval nuclear- sediment is conducted each quarter year by col- 
powered ships. lecting 20 to 100 samples with a 6-inch-square 
To monitor for these small changes in en- sampler. Equipment and procedures for analyzing 
vironmental radioactivity, water and sediment sediment samples are the same as for water 
samples are analyzed specifically for cobalt-60. | samples discussed above. Samples are taken of 
This radionuclide is a sensitive tracer to follow the top 1/2 to 1 inch of sediment in the immediate 
environmental distribution of radioactivity be- vicinity of and away from berthing areas used by 
cause it has the longest half-life and is the pre- Naval nuclear-powered ships. Results of the 1969 
dominant long-lived radionuclide in liquid waste surveys, which involved a total of 3,637 samples, 
discharges; in addition, cobalt-60 concentrations are summarized in table 3. Low-level cobalt-60 
from fallout are less than the minimum detectable _ radioactivity in harbor bottom sediment is de- 
with the sensitive monitoring equipment available __tectable around a few piers at operating bases 
at support facilities. and shipyards where nuclear-powered ship main- 
Once each quarter year a total of at least five | tenance and overhauls have been conducted over 
water samples is taken at various locations in a period of several years. Cobalt-60 is not de- 
each harbor in areas where nuclear-powered ships __ tectable above background levels in general har- 
berth and from upstream and downstream lo- _ bor bottom areas away from these piers. 
cations. These samples are analyzed for gross Samples from each of these harbors are also 
radioactivity and for cobalt-60, using a sodium checked at least annually by an AEC laboratory 
iodide scintillation detector with a multichannel — to ensure analytical procedures are correct and 
analyzer. No increases in gross radioactivity of | standardized. In addition, the U.S. Navy coop- 
harbor water have been detected. No harbor’ erates in U.S. Public Health Service (PHS) 
water samples have shown detectable cobalt-60 surveys in some U.S. harbors. Results reported 
radioactivity; the minimum level detectable with in table 3 are consistent with these AEC and 
the equipment and procedures used is 100 pCi/ PHS checks. 
liter. The concentration of cobalt-60 in this Twice per year shoreline areas uncovered at 
water would have to be 300 times greater than low tide are surveyed for radiation levels with 
100 pCi/liter to reach maximum levels permitted _ sensitive radiation detectors to determine if any 
by agencies such as the U.S. Atomic Energy Com- radioactivity from bottom sediment washed 
mission and International Commission on Radio- _ashore. All results were 0.01 to 0.04 millirem per 
logical Protection. hour, the same as background radiation levels in 
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similar areas. Thus there is no evidence in these 
ports that radioactivity from sediment is washing 
ashore. 

Throughout the year, film badges are posted 
at locations outside the boundaries of areas where 
work with radioactivity is performed. These films 
showed that radiation exposure to the general 
public outside these facilities was not above that 
received from natural background radiation levels. 

All exhaust stacks at support facilities which 
could have discharged airborne radioactivity 
were monitored. There were no discharges of 
airborne radioactivity to the atmosphere measured 
above concentrations normally present in the 
atmosphere. 

In addition to the locations listed in table 3, 
environmental monitoring has been accomplished 
by U.S. Navy submarine tenders which serve as 
operating bases for U.S. Naval nuclear-powered 
submarines in Rota, Spain, and Holy Loch, 
Scotland. Results of the surveys in the harbor 
at Rota, Spain, have not shown detectable cobalt- 
60 in harbor sediment samples. In 1965, in Holy 
Loch, more cobalt-60 radioactivity than expected 
was detected in harbor bottom sediment and on 
shore line mud flat areas uncovered at low tide. 
However, there had been no increase of harbor 
water radioactivity in Holy Loch above normal 
background levels. Joint U.S. and British assess- 
ments of survey results confirmed that radiation 
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levels in the vicinity of the Holy Loch anchorage 
were far below those which were at all likely to 
cause an individual to receive radiation exposure 
approaching limits for members of the general 
public. Environmental monitoring during 1969 
showed radioactivity levels in Holy Loch are 
steadily declining. 


Summary 


Overall results of environmental surveys per- 
formed in 1969 indicate the following: 

(1) No increase of radioactivity above normal 
background levels has been detected in harbor 
water where U.S. Naval nuclear-powered ships 
are based, overhauled, or constructed. 

(2) Discharges of liquid wastes from USS. 
Naval nuclear-powered ships have not caused a 
measurable increase in the general background 
radioactivity of the environment. 

(3) Low-level cobalt-60 radioactivity in harbor 
bottom sediment is detectable around a few piers 
at operating bases and shipyards where nuclear- 
powered ship maintenance and overhauls have 
been conducted over a period of several years. 
Cobalt-60 is not detectable above background 
levels in general harbor bottom areas away from 
these piers. Maximum total radioactivity ob- 
served in a U.S. harbor is less than one curie of 
cobalt-60. 
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Standby Milk Surveillance Network 


Thomas J. Sharpe and John L. Stein' 


The operation of the Standby Milk Surveillance Network of the Southwestern 
Radiological Health Laboratory is described. Portions of the network have been 
activated on several occasions. Fresh fission products have been defined in a 
number of samples collected from processing plants in the network, although in 
all cases the concentrations of the radionuclides present have been well below 
the recommendations of the Federal Radiation Council. 


Since 1954, the Public Health Service (PHS), 
under terms of A Memorandum of Understand- 
ing, SF54-373, negotiated between the PHS and 
the Atomic Energy Commission (AEC), has been 
charged with the responsibility of providing a 
radiological safety program beyond the boundaries 
of the AEC’s Nevada Test Site (NTS). Prior 
to this time, a combination of military and AEC 
laboratory personnel had provided radiological 
safety services for the test series conducted. An 
offsite Radiological Safety Organization (which 
later evolved into the Southwestern Radiological 
Health Laboratory (SWRHL), was established 
in Las Vegas, Nev., to direct and coordinate the 
various activities of radiation monitoring and en- 
vironmental surveillance needed to implement the 
program. In addition to monitoring radioactivity 
released by individual nuclear tests, SWRHL oper- 
ates a number of surveillance networks for the 
AEC on a continuous basis to document any in- 
crease in radiation levels due to nuclear testing 
programs. These networks sample milk, water, 
and air in the offsite areas and provide more spe- 
cific information regarding changes in the radio- 
logical situation than does radiation monitoring. 


Purpose and scope 
The value of milk as a sensitive indicator of 


1 Mr. Sharpe was and Mr. Stein is with the Milk, Food, and 
Water Surveillance Unit, Environmental Surveillance 
Program, Bureau of Radiological Health, Southwestern 
Radiological Health Laboratory, Las Vegas, Nev. 
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atmospheric radiocontaminant intake by the 
general population has been well documented. 
Extensive reliance on milk sampling for infor- 
mation on current levels and long-range trends 
of specific contaminants is based upon several 
facts. Milk is one of the most universally con- 
sumed foodstuffs. It reflects several important 
nuclides (strontium-—90, iodine—131, cesium—137) 
deposited in the area from which it is collected, 
and it is one of the most convenient dietary con- 
stituents to collect, handle, and analyze. 

Prior to the establishment of the Standby Milk 
Surveillance Network (SMSN), other milk sam- 
pling networks had been set up by SWRHL and 
by Headquarters, Bureau of Radiological Health 
(BRH). The Routine Milk Surveillance Network 
(RMSN) was set up by SWRHL in 1959 to pro- 
vide concentrated surveillance in an area limited 
to within 300 miles of NTS. The Pasteurized Milk 
Network (PMN), operated by BRH, covers the 
entire United States and has the objective of 
providing data on current radionuclide concen- 
trations and long-term trends. Prior to the crea- 
tion of the SMSN, it was recognized that occasions 
might arise when concentrated surveillance of 
milksheds would be needed in areas outside those 
covered by the RMSN. It was also recognized 
the limited number of stations in the PMN could 
not properly reflect the intrusion of radioactive 
contaminants into all the milksheds possibly 
affected by a release of radioactivity from a 
nuclear device or reactor test at NTS. Therefore, 
the SMSN was created in 1964 to provide ad- 
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Figure l. 


ditional surveillance capability. This new network 
differed from those established previously in that 
it was not designed to operate on a continuous 
basis. It was decided that the SMSN could be 
activated after a release had occurred and the 
direction in which the radioactive material was 
moving had been defined, thereby keeping the 
number of samples to a minimum without limiting 
the effectiveness of the network. 


Organization 


Originally, the network consisted of 161 milk 
processing plants in the eleven western-most States. 
The State of Texas was also included to the ex- 
tent that either samples or analytical results from 
this State’s milk sampling network would be 
made available to SWRHL upon request. In 
1969, the remainder of the States west of the 
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Standby milk surveillance stations 


Mississippi River were added to the network, 
bringing the total number of milk processing 
plants in the network to 201. The current network 
is shown in figure 1. 

The network stations were established through 
the cooperation and participation of personnel 
from the Bureau of Radiological Health, Environ- 
mental Health Service, and the Bureau of Food 
and Pesticides, Food and Drug Administration, 
(formerly, Division of Radiological Health and 
Division of Environmental Engineering and Food 
Protection), and State and local milk control 
agencies. 

The milk processing plants in the network were 
selected to provide a geographical distribution 
such that any contamination detected could be 
traced to a specific milkshed. The management 
of each selected processing plant was then asked 
to participate in the program by supplying sam- 
ples for radionuclide analysis and providing basic 
information for evaluation and reporting purposes. 
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Network activation 


To activate any part of the network, the project 
officer at SWRHL contacts the appropriate PHS 
regional office. This office is then responsible for 
contacting the State milk control officials con- 
cerned; they, in turn, notify local milk control 
personnel (city or county) who begin collecting and 
airmailing samples to SWRHL for analysis. The 
regional offices notify the Chief, Milk Sanitation 
Section, Food and Drug Administration, and 
SWRHL notifies the Chief, Radiological Surveil- 
lance Branch, Bureau of Radiological Health, once 
the activation procedure has begun. 

Except for periodic 1-day trial runs to de- 
termine the readiness of the network, sampling 
at the stations activated is normally carried on 
for a 1-week period. This may be extended when 
deemed necessary. All agencies involved in the 
sample collection effort have been instructed to 


Table 1. 


provide raw milk samples. This policy has been 
instituted for several reasons. For example, some 
processors receive raw milk from numerous, 
widely-scattered milksheds. Sampling of the 
pasteurized milk could possibly mask significant 
amounts of contaminants in the milk coming from 
a portion of the milksheds supplying a particular 
plant. The time between milking and analysis 
is also reduced by sampling raw milk. This factor 
is important since the majority of the radio- 
nuclides which may be injected into the environ- 
ment by nuclear testing possess half-lives in terms 
of hours and days. 


Sample analysis and reporting 


Upon receipt, samples are analyzed by gamma 
spectroscopy for iodine—131, cesium—137, barium- 
140, and other radionuclides. The first sample 
received from each station and all subsequent 


Summary of operation of the Standby Milk Surveillance Network* 
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samples found to contain fresh fission products 
receive radiochemical analysis for strontium—89 
and strontium-90. If the iodine-131 concentra- 
tion in any sample should exceed 100 pCi/liter, 
regional FDA milk and food consultants would 
be contacted. These personnel would then notify 
State public health authorities in their region and 
alert them to the increased levels of iodine—131. 

Analytical results of all samples are reviewed, 
evaluated, and tabulated by SWRHL. The data 
are then sent to the PHS regional milk consultants 
concerned for distribution to the state authorities 
in their region. 


Operational experience 


Portions of the network have been activated 
on several occasions. Fresh fission products have 
been detected in a number of samples collected 
from processing plants in the network, although 
in all cases, the concentrations of the radio- 
nuclides present have been well below the stan- 


dards prescribed by the Federal Radiation Coun- 
cil (1). Asummary of the operation of the Standby 
Milk Surveillance Network is presented in table 1. 


Summary 


The practicality of the “standby” concept of 
milk surveillance has been proven through the 
operation of the SMSN. Experience has shown 
that after initial notification samples can be re- 
ceived and counted in as little as 1 day’s time, 
although 2 to 3 days are usually required. By 
maintaining communication with local control au- 
thorities and by staging periodic trial runs, an 
excellent degree of readiness has been maintained 
in the system. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, April 1970 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an in- 
dicator of the general population’s intake of 
radioactive contaminants resulting from environ- 
mental releases. Fresh milk is consumed by a 
large segment of the population and contains 
several of the biologically important radionuclides 
that may be released to the environment from 
nuclear activities. In addition, milk is produced 
and consumed on a regular basis, is convenient 
to handle and analyze, and samples representa- 
tive of general population consumption can be 
readily obtained. Therefore, milk sampling net- 
works have been found to be an effective mech- 
anism for obtaining information on current radio- 
nuclide concentrations and long-term trends. 
From such information, public health agencies 
can determine the need for further investigation 
and/or corrective public health action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Bureau of Radiological Health and 
the Bureau of Foods, Pesticides and Product 
Safety, Food and Drug Administration, U.S. 
Public Health Service, consists of 63 sampling 
stations; 61 located in the United States, one in 
Puerto Rico, and one in the Canal Zone. Many 
of the State health departments also conduct 
local milk surveillance programs which provide 
more comprehensive coverage within the indi- 
vidual State. Data from 15 of these State networks 
are reported routinely in Radiological Health 
Data and Reports. Additional networks for the 
routine surveillance of radioactivity in milk in 
the Western Hemisphere and their sponsoring 
organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. 
Public Health Service)—5 sampling stations 


Canadian Milk Network (Radiation Protection 
Division, Canadian Department of National 
Health and Welfare)—16 sampling stations 


The sampling locations that make up the networks 
presently reporting in Radiological Health Data 
and Reports are shown in figure 1. Based on the 
similar purpose for these sampling activities, 
the present format integrates the complementary 
data that are routinely obtained by these several 
milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
are formed as a result of nuclear fission become 
incorporated in milk (1). Most of the possible 
radiocontaminants are eliminated by the selective 
metabolism of the cow, which restricts gastro- 
intestinal uptake and secretion into the milk. 
The five fission-product radionuclides which 
commonly occur in milk are strontium-89, stron- 
tium-90, iodine-131, cesium-137, and barium-— 
140. A sixth radionuclide, potassium—40, occurs 
naturally in 0.0118 percent (2) abundance of the 
element potassium, resulting in a specific activity 
for potassium-—40 of 830 pCi/g total potassium. 

Two stable elements, calcium and potassium, 
which are found in milk have been used as a means 
for assessing the biological behavior of meta- 
bolically similar radionuclides (radiostrontium 
and radiocesium, respectively). The contents of 
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both calcium and potassium in milk have been 
measured extensively and are relatively constant. 
Appropriate values and their variations, expressed 
in terms of 2-standard deviations, for these con- 
centrations are 1.16 + 0.08 g/liter for calcium 
and 1.51+4 0.21 g/liter for potassium. These 
figures are averages of data from the PMN for 
May 1963—March 1966 (3) and were determined 
for use in general radiological health calculations 
or discussions. 


Accuracy of data from various milk networks 


In order to combine data from the international, 
national and State networks considered in this 
report, it was first necessary to determine the 
accuracy with which each laboratory is making 
its determinations and the agreement of the 
measurements among the laboratories. The Ana- 
lytical Quality Control Service of the Bureau of 
Radiological Health conducts periodic studies to 
assess the accuracy of determinations of radio- 
nuclides in milk performed by interested public 
health radiochemical laboratories. The genera- 
lized procedure for making such a study has been 
outlined previously (4). 

The most recent study was conducted in the 
period, July-September 1969, with 31 laboratories 
participating in an experiment on milk samples 
containing known concentrations of strontium-89, 
strontium-—90, iodine—131, cesium—137 and barium-— 
140. Of the 18 laboratories producing data for the 
networks reporting in Radiological Health Data and 
Reports, 14 participated in the experiment. 

The iodine-13 nd cesium-137 results show 
much improvement over previous tests. Barium-— 
140 results also look good which is encouraging, 
since this is the first time barium—140 was ana- 
lyzed for this type of experiment. However, 
strontium-89 and strontium-90 analyses still 
need improvement (5). Keeping these possible 
differences in mind, integration of the data from 
the various networks can be undertaken without 
introducing a serious error due to disagreement 
among the independently obtained data. 


Development of a common reporting basis 


Since the various networks collect and analyze 
samples differently, a complete understanding 
of several parameters is useful for interpreting 
the data. Therefore, the various milk surveillance 
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networks that report regularly were surveyed 
for information on analytical-methods, sampling 
and analysis frequencies, and estimated analytical 
errors associated with the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium—40, 
iodine-131, cesium-137, and barium-140) are 
determined by gamma-ray spectroscopy of whole 
milk. Each laboratory has its own modifications 
and refinements of these basic methodologies. 
The methods used by each of the networks have 
been referenced in earlier reports appearing in 
Radiological Health Data and Reports. 

A recent article (6) summarized the criteria 
used by the State networks in setting up their 
milk sampling activities and their sample collec- 
tion procedures as determined during a 1965 
survey. This reference and earlier data articles 
for the particular network of interest may be 
consulted should events require a more defini- 
tive analysis of milk production and milk con- 
sumption coverage afforded by a specific network. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. The 
frequency of collection and analysis varies not 
only among the networks, but also at different 
stations within some of the networks. In addition, 
the frequency of collection and analysis is a func- 
tion of current environmental levels. The number 
of samples analyzed at a particular sampling 
station under current conditions is reflected in 
the data presentation. Current levels for stron- 
tium-90 and cesium-137 are relatively stable 
over short periods of time, and sampling frequency 
is not critical. For the short-lived radionuclides, 
particularly iodine-131, the frequency of analy- 
sis is critical, and is generally increased at the 
first measurement or recognition of a new influx 
of this radionuclide. 

The data presentation also reflects whether 
raw or pasteurized milk was collected. A recent 
analysis (7) of raw and pasteurized milk samples 
collected during the period, January 1964 to 
June 1966, indicated that for relatively similar 
milkshed or sampling areas, the differences in 
concentration of radionuclides in raw and pas- 
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teurized milk are not statistically significant. 
Particular attention was paid to strontium—90 
and cesium-137 in that analysis. 

Practical reporting levels were developed by 
the participating networks, most often based on 
2-standard deviation counting errors or 2-standard 
deviation total analytical errors from replicate 
analyses experiments (3). The practical reporting 
level reflects additional analytical factors other 
than statistical radioactivity counting variations 
and will be used as a practical basis for reporting 
data. 

The following practical reporting levels have 
been selected for use by all networks whose prac- 
tical reporting levels were given as equal to or 
less than the given value. 


Radionuclide Practical reporting level 


(pCi/liter) 
Strontium-89 5 
Strontium—90 2 
Iodine—131 10 
Cesium-137 10 


Barium—140 10 


Some of the networks gave practical reporting 
levels greater than those above. In these cases 
the larger value is used so that only data con- 
sidered by the network as meaningful will be 
presented. The practical reporting levels apply 
to the handling of individual sample determina- 
tions. The treatment of measurements equal to 
or below these practical reporting levels for calcu- 
lation purposes, particularly in calculating month- 
ly averages, is discussed in the data presentation. 

Analytical error or precision expressed as pCi/ 
liter or percent in a given concentration range 
have also been reported by the networks (3). 
The precision errors reported for each of the 
radionuclides fall in the following ranges: 


Radionuclide Analytical errors of precision 


( 2-standard deviations) 


1-5 pCi/liter for levels <50 pCi/ 
liter; 

5-10% for levels >50 pCi/liter; 

1-2 pCi/liter for levels <20 pCi/ 
liter; 

4-10% for levels >20 pCi/liter 

4-10 pCi/liter for levels <100 

pCi/liter; 

4-10% for levels >100 pCi/liter 


Strontium-89 


Strontium—90 


Cesium—137 


Iodine-131 
Barium-140 
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For iodine-131, cesium-137, and barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter for 
Colorado. This is reflected in the practical re- 
porting level for the Colorado milk network. 


Federal Radiation Council guidance applicable to 
milk surveillance 


In order to place the U.S. data on radioactivity 
in milk presented in Radiological Health Data and 
Reports in perspective, a summary of the guidance 
provided by the Federal Radiation Council for 
specific environmental conditions is presented 
below. The function of the Council is to provide 
guidance to Federal agencies in the formulation 
of radiation standards. 


Radiation Protection Guides (8, 9) 


The Radiation Protection Guide (RPG) has 
been defined by the Federal Radiation Council 
(FRC) as the radiation dose which should not 
be exceeded without careful consideration of 
the reasons for doing so; every effort should be 
made to encourage the maintenance of radiation 
doses as far below this guide as practicable. An 
RPG provides radiation protection guidance 
for the control and regulation of normal peace- 
time uses of nuclear technology in which control 
is exercised primarily at the source through the 
design and use of nuclear material. It represents 
a balance between the possible risk to the general 
public that might result due to exposures from 
routine uses of ionizing radiation and the bene- 
fits from the activities causing the exposure. 

Table 1 presents a summary of guidelines and 
related information on environmental radiation 
levels as set forth by the FRC for the conditions 
under which RPG’s are applicable. A more de- 
tailed discussion of these values was presented 
earlier (3). 

In the absence of specific dietary data, one can 
use milk as the indicator food item for routine 
surveillance. Assuming a 1-liter per day intake of 
milk, one can utilize the graded approach of daily 
intake on the basis of radionuclide content in 
milk samples collected to represent general popu- 
lation consumption. Under these assumptions, 
the radionuclide concentrations in pCi/liter of 
milk can replace the daily radionuclide intake in 
pCi/day in the three graded ranges. 
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Table 1. 


Radiation Protection Guides—FRC recommendations and related information pertaining to 


environmental levels during normal peacetime operation 





RPG for in- 
dividual in the 
general 
population 
(rad/a) 


Nuclide Critical organ 


RPG 
(rad /a) 





Strontium-89__.........| Bone 

Bone marrow 
one 

Bone marrow 

Thyroid 

Whole body 


0.5 


Gr Gr HC oH 











Guidance for suitable samples of exposed anaes group* 





Corresponding con- 
tinuous daily intake 
_ i/day) 


Range II> 
(pCi/day) 


Range I> 
(pCi/day) 


Range III> 
(pCi/day) 





0-200 
0-20 


0-10 - 
0-360 360-3 ,600 


2 ,000-20 ,000 
200-2 ,000 


100-1 ,000 
3, 600-36 ,000 














* Suitable samples which represent the limiting conditions for this guidance are: strontium-89, strontium—90—general population; iodine-131—children 


1 year of age; cesium—137— infants. 
b Based on an average intake of 1 liter of milk per day. 


¢ A dose of 1.5 rad/a to the bone is estimated to result in a dose of 0.5 rad/a to the bone marrow. 

4 For strontium-89 and strontium-90, the Council’s study indicated that there is currently no operational requirement for an intake value as high as 
one corresponding to the RPG. Therefore, these intake values correspond to doses to the critical organ not greater than one-third the respective RPG. 

e The guides expressed here were not given in the FRC reports, but were calculated using appropriate FRC recommendations. 


Protective Action Guides (10, 11) 


The Protective Action Guide (PAG) has been 
defined by the Council as the projected absorbed 
dose to individuals in the general population that 
warrants protective action following a con- 
taminating event. A PAG provides general 
guidance for the protection of the population 
against exposure by ingestion of contaminated 
foods resulting from the accidental release or 
the unforeseen dispersal of radioactive materials 
in the environment. A PAG is also based on the 
assumption that such an occurrence is an unlikely 
event, and circumstances that might involve the 
probability of repetitive occurrences during a 
one or two year period in a particular area would 
require special consideration. Protective actions 


Table 2. 


are appropriate when the health benefits asso- 
ciated with the reduction in exposure to be 
achieved are sufficient to offset the undesirable 
features of the protective actions. 

Table 2 presents a summary of guidelines 
as set forth by the FRC for the conditions under 
which PAG’s are applicable. A more detailed 
discussion of these values was presented earlier 
(3). Also given in table 2 are milk concentrations 
for each of the radionuclides considered, in the 
absence of others, which, if attained after an 
acute incident, would result in doses equivalent 
to the appropriate PAG. These concentrations 
are based on a projection of the maximum con- 
centration from an idealized model for any acute 
deposition and the pasture-cow-milk-man path- 
way, as well as an estimate of the intake prior 


Protective Action Guides—FRC recommendations and related information 


pertaining to environmental levels during an acute contaminating event 





Radionuclide Critical organ 


(rads) 


Strontium-89_------_- 
Strontium-90__-.__-- .- 


Bone marrow 
Bone marrow | 10 in first yr; 
15.b 


Cesium-137 Whole body 





PAG for individuals 
in general population 


total 
dose not to exceed 





Category (pasture-cow-milk) 


Maximum concentration 
in milk for single nuclide 
F that would result 
(rads) in PAG 
(pCi/liter) 


3 in first yr; total dose 
not to exceed 5*.> 








Todine-131 “Thyroid 








10 








* The sum of the projected doses of these three radionuclides to the bone marrow should be compared to the 


numerical value of the respective guide. 


b Total dose from strontium-89 and cesium-137 is the same as dose in first year; total dose from strontium-90 
is 5 times strontium-90 dose in first year for children approximately 1 year of age. 
¢ These values represent concentrations that would result in doses to the bone marrow or whole body equal to 


the PAG, if only the single radionuclide were present. 


This concentration would result in the PAG dose based on intake before and after the date of maximum con- 
ee observed in milk from an acute contaminating event. A maximum of 84,000 pCi/liter would result in a 
PAG dose if that portion of intake — to the maximum concentration in milk is not considered. Children, 1 year 


of age, are assumed to be the critica 
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segment of the population. 
































ie 
| (PANAMA 


ol 0 | 
PY LA caNat zone | 




















Figure 2. State and PMN milk sampling locations in the United States 


to reaching the maximum concentration. There- 
fore, these maximum concentrations are intended 
for use in estimating future intake on the basis 
of a few early samples rather than in retrospective 
manner. 


Data reporting format 


Table 3 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations which 
are routinely reported to Radiological Health 
Data and Reports. (The relationship between the 
PMN stations and State stations is shown in 
figure 2). The first column under each of the 
radionuclides reported gives the monthly average 
for the station and the number of samples analyzed 
in that month in parentheses. When an individual 
sampling result is equal to or below the practical 
reporting level for the radionuclide, a value of 
zero is used for averaging. Monthly averages are 
calculated using the above convention. Averages 
which are equal to or less than the practical re- 
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porting levels reflect the presence of radioactivity 
in some of the individual samples greater than 
the practical reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average 
for the station as calculated from the preceding 
12 monthly averages, giving each monthly average 
equal weight. Since the daily intake of radio- 
activity by exposed population groups, averaged 
over a year, constitutes an appropriate criterion 
for the case where the FRC radiation protection 
guides apply, the 12-month average serves as a 
basis for comparison. 


Discussion of current data 


In table 3, surveillance results are given for 
strontium-90, iodine-131 and cesium-137 for 
April 1970 and the 12-month period, May 1969 
to April 1970. Except where noted the monthly 
average represents a single sample for the sampling 
station. Strontium-89 and barium-140 data have 
been omitted from table 3 since levels at the great 
majority of the stations for April 1970 were below 
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Table 3. Concentrations of radionuclides in milk for April 1970 and 12-month period 
May 1969 through April 1970 





Radionuclide concentration 
(pCi/liter) 


Type 0 | 


Samplirg location re) Strontium-90 Iodine-131 Cesium-137 
sample* i cael ae Pan acca del es 


Monthly 12-month Monthly 12-month | Monthly 12-month 
average> average average> average average> average 


UNITED STATES: 


Montgomery*__-_-- 


Sacramento¢ 

San Francisco*__ 
Del Norte_-_--- 
a aaa 
Humboldt-_-_-_--- -- 
Los Angeles____--- 
Mendocino 
Sacramento -- - - - -_- 
San Diego-_------- 
Santa Clara__- 
Shasta__--- 
Sonoma_- 
Denvere___- 

West —— 
Northeast-- _- - 
East__- 

Southeast icthatch aun 
South Central 
Southwest ___ 
Northwest _ - 
Hartford¢ 

Central ieailial 
Wilmingtone___-- 
Washington¢___- 


i) 
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wo 
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® 2 
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8 
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8 
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6 
11 
11 
7 
8 
7 
8 


Inna 


Southeast 
Atlantae 
Honolulue_- - 
Idaho Falls¢_- 
Chicagot _ - - - 
Indianapolis® 
Northeast_ - - 
Southeast 
Central 
Southwest _- 
Northwest - 
Des Moines¢___---- 
Iowa City-- 
Des Moines 
Seeneer.......-.- 
Fredericksburg_---- 
Kans: Wichitac Swe 
Ky: Louisvillee____- 
La: New Orleans*_- 
Maine: Portland¢_ 
Md: Baltimoree _ - 
Mass: Boston®__- - - --- 
Mich: Detroit¢__-_- sible 
Grand Rapids*-_-- 
a 
Charlevoix 
Detroit ae 
Grand Rapids 
Lansing... - - -- 
Marquette 
Monroe_- é 
South Haven 
Minn: Minneapolis¢ 
Bemidji__ 
Mankato-_- 
Rochester - - - 
Duluth ___ - 
Worthington _ 
Minneapolis_ 
Fergus Falls_- 
Little Falls__ 
Miss: Jackson® 
Mo: Kansas City* 
St. Louise 


Conroy 








mo 
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See footnotes at end of table. 
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Table 3. Concentration of radionuclides in milk for April 1970 and 12-month period 
May 1969 through April 1970—Continued 


Radionuclide concentration 
(pCi /liter) 


Type : 
Sampling location of Strontium-90 Iodine-131 
sample® 


Monthly 12-month Monthly 12-month Monthly 12-month 
average> average average> average average> average 


UNITED STATES—Continued 


Manchestere__ 
Trentone_ ‘ 
Albuquerquee 
Buffaloc__ sane 
New York Citye 
Syracuse¢ ; 
Albany 
Buffalo 
Massena 
Newburg__- 
New York City- 
Syracuse 
N.C.: Charlottes 
N.Dak: Minote 
Ohio: Cincinnati¢_ 
Clevelande - 
Oklahoma: Oklahoma Citys___- 
Oklahoma Cit 
Enid : 
Tulsa__ 
Lawton 
Ardmore. 
Portland¢ 
Baker 
Coos Bay 
Eugene 
Medford e 
Portland composite 
Portland loca 
Redmond 
Tillamook_ 
Philadelphiac 
Pittsburghe___- 
Dauphin 
Erie 
Philadelphia__ 
Pittsburgh 
Providencee 
Charlestone____ 
Rapid Citys 
Chattanoogac___- 
Memphise 
Chattanooga 
Clinton 
Knoxville 
Nashville 
Fayetteville 
Austin® 
Dallase 
Amarillo 
Corpus Christi_- 
El Paso 
Fort Worth 
Harlingen 
Houston 
Lubbock 
Midland 
San Antonio__ 
Texarkana 
Tyler. 
Uvalde 
Wichita Falls 
Utah: Salt Lake Citys 
Vt: Burlingtone____ 
Va: Norfolke 
Wash: Seattle 
Spokanee 
Benton County 
Franklin County- 
Sandpoint, Idaho 
Skagit County 
W.Va: Charlestone____ 
Wise: Milwaukeee 
Wyo: Laramie* 


CANADA 
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Alberta: Calgary _. 
Edmonton 

British Columbia: Vancouver 

Manitoba: Winnipeg 























See footnotes at end of table. 
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Table 3. 


Concentrations of radionuclides in milk for April 1970 and 12-month period 
_" 1969 eaters April 1970—Continued 








l 


Radionuclide concentration 
(pCi /liter) 
Type amet 
Sampling location of 
sample* 


Strontium-90 Iodine-131 Cesium-137 


Monthly | 
| 


Monthly 
average» 


12-month 
average 


12-month 
average 


12-month 
average 


Monthly 


average> average> 


CANADA—Continued | 


Frederickton 

St. Johns_- 
Halifax 

Ft. William. 
Ottawa __- 
Saulte Ste. Marie 
Toronto___- 
Windsor 
Montreal__-_------- 
Quebec - 
Regina___- 
Saskatoon _- 


AND SOUTH AMERICA: 


New Brunswick: 
Newfoundland: 
Nova Scotia: 
Ontario: 





Quebec: 


Saskatchewan: 


CENTRAL 


Columbia: Bogota 

Chile: Santiago 
Ecuador: Guayaquil___- 
Jamaica: <ingston___ 
Venezuela: Caracas___- 
Canal Zone: Cristobale 
Puerto Rico: _San Juan 





too 





| wo 
} 


PMN Ne twork 8 average 











a P, pasteurized milk. R, raw milk. 
> When an individual sampling result was equal to or less than the practical reporting level, a value of ‘‘0"’ was used for averaging. Monthly averages 
less than the practical reporting level reflect the fact that some but not all of the individual samples making up the average contained levels greater than 
the practical reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly 
given in parentheses. 
¢ PHS Pasteurized Milk Network station. All other sampling locations are part of the State or National network. 
4 Radionuclide analysis not routinely performed. 
e The practical reporting levels for these networks differ from the general ones given in the text. Sampling results for the networks were equal to or 
less than the following practical reporting levels: 
Iodine-131: Colorado—25 pCi/liter Cesium-137: Colorado— 
Michigan—14 pCi/liter New York— 
Oregon—15 pCi/liter 


average is 


25 pCi/liter 
-20 pCi/liter 
Oregon—15 pCi/liter 


Strontium-90: New York—3 pCi/liter 





f This entry gives the average radionuclides concentrations for the PHS Pasteurized Milk Network stations denoted by footnotes. 


NA, no analysis. 
NS, no sample collected. 


the respective practical reporting levels. Averages 
for those stations at which strontium-89 was 
detected were Del Norte, Calif., 19 pCi/liter; 
and Humboldt, Calif., 6 pCi/liter. 

Iodine-131 results are included in the table, 
even though they were generally below practical 
reporting levels. Because of the lower values 
reflected by the radiation protection guidance 
provided by the Federal Radiation Council 
(table 1), levels in milk for this radionuclide are 
of particular public health interest. In general, 
the practical reporting level for iodine-131 is 
numerically equal to the upper value of Range I 
(10 pCi/liter) of the FRC radiation protection 
guide. 

Strontium-90 monthly averages ranged from 
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0 to 23 pCi/liter in the United States for the 
month of April 1970, and the highest 12-month 
average was 20 pCi/liter (Del Norte, Calif.) 
representing 10.0 percent of the Federal Radia- 
tion Council radiation protection guide (table 1). 
Cesium-137 monthly averages ranged from 0 
to 46 pCi/liter in the United States for the month 
of April 1970, and the highest 12-month average 
was 79 pCi/liter (Southeast Fla.), representing 
2.2 percent of the value presented in this report 
using the recommendation given in the Federal 
Radiation Council reports. Of particular interest 
are the consistently higher cesium-137 levels 
that have ‘been observed in Florida (12) and 
Jamaica. Iodine-131 results for individual sam- 
ples were all below the practical reporting level. 
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Food and Diet Surveillance 


Efforts are being made by various Federal and 
State agencies to estimate the dietary intake of 
selected radionuclides on a continuing basis. These 
estimates along with the guidance developed by 
the Federal Radiation Council, provide a basis 
for evaluating the significance of radioactivity 
in foods and diet. 


Program 


Period reported 
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Networks presently in operation and presented 
routinely include those listed below. These net- 
works provide data useful for developing estimates 
of nationwide dietary intakes of radionuclides. 
Programs most recently reported in Radiological 
Health Data and Reports and not covered in this 
issue are as follows: 


Issue 





California Diet Study 
Connecticut Diet Study 


Strontium-90 in Tri-City 
Diets, HASL 


August 1970 


June—December 1969 


October-December 1968 and 
January—March 1969 

July-December 1968 and 
January-June 1969 


May 1970 
February 1970 


June 1970 





1. Radionuclides in Institutional Diet Samples 
October-December 1969 and Annual 
Summary 1969 


Bureau of Radiological Health and 
Food and Drug Administration 


The determination of radionuclide concen- 
trations in the diet constitutes an important 
element of an integrated program of environ- 
mental radiological surveillance and assessment. 
In recognition of the potential significance of 
the diet in contributing to total environmental 
radiation exposures, the Public Health Service 
initiated its Institutional Diet Sampling Program 
in 1961. This program is administered by the 
Bureau of Radiological Health with the assis- 
tance of the Office of Compliance, Food and Drug 
Administration (1). 

The program was designed to provide estimates 
of the dietary intake of radionuclides in a selected 
population group ranging from children to young 
adults of school age. Initially, the program was 
conducted at eight institutions; as of January 


1965, its scope had increased to boarding schools 
or institutions in fifty municipalities. These in- 
stitutions ranged from financially well-to-do 
boarding schools to orphanages with severe eco- 
nomic limitations. 

Subsequent experience with the diets of school 
children of various ages indicated that the num- 
ber of institutions sampled could be selectively 
reduced. As of December 1969, 20 basic insti- 
tutions and eight auxiliary institutions distri- 
buted geographically as shown in figure 1, are 
being sampled. The station at Chicago, IIl., was 
discontinued because of difficulty in locating 
a new institution. Previous results showed that 
the daily dietary intake of teenage girls and 
children from 9 to 12 years of age were comparable, 
while teenage boys consumed 20 percent more food 
per day (1-2). Consequently, estimates for boys 
and/or girls can be calculated on the basis of the 
dietary intakes of children. 

In general, the sampling procedure is the same 
at each institution. Each sample represents the 
edible portion of the diet for a full 7-day week, 
(21 meals plus soft drinks, candy bars, or other 
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Table 1. 


Concentration and intake of stable elements and radionuclides in institutional total diets of children 


(9-12 years of age), October-December 1969* 





: _ Month Total 
Location of institution (1969) | weight 


Alaska: Palmer_-_- 
Ariz: Phoenix 
Ark: Little Rock 
Los Angeles__- 
Wilmington___ 
Fla: Tampa._ 
Hawaii: Honolulu 
Idaho: Idaho Falls 
Ky: Louisville___ 


La: New Orleans_ 


Maine: Portland 


71 Ot 


Mass: Boston 


5 2n * yrs o > 
St Sr be Orr 


25 


Mo: St. Louis 
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® Iodine-131 and barium-140 were not detected at these stations during this period. 


b Composite analysis of quarterly samples for each station. 


¢ Since food samples were collected from two or more children who were not between the ages of 9 to 12, the gamma analyses for this month were not 
used in the institutional average. All chemistry data were included in the institutional average since this analysis was a composite of three or less individual 


samples. ‘ 
NA, no analysis. 
NS, no sample. 


in-between snacks) obtained by duplicating the 
meals of a different individual each day. Drinking 
water, not included in the samples, is also sampled 
periodically. Each daily sample is kept frozen 
until the end of the collection period and is then 
packed in dry ice and shipped by air express to 
either the Southwestern Radiological Health 
Laboratory, Las Vegas, Nev; the Southeastern 
Radiological Health Laboratory, Montgomery, 
Ala; or the Northeastern Radiological Health 
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Laboratory, Winchester, Mass. A detailed de- 
cription of sampling and analytical procedures 
was presented earlier (3). 


Results 


Table 1 presents the analytical results for 
institutional diet samples collected from October 
through December 1969, for children 9 to 12 
years of age. The stable elements, calcium and 
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Table 2. Concentrations and intake of stable elements and radionuclides in institutional total diets 
of individuals (auxiliary stations), October-December 1969* 





Month | Total 
(1969) weight |_ 
(kg/day) 


Location of institution 


Alaska: 


Juneau_--- - : : Oct 
Nov 
Dec 
Calif: San Francisco_ , : Oct 
Nov 
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Miss: Columbia__- : ; = _.| Oct 
Nov 
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Nebr: Omaha_ , J ; ..| Oct 
Nov 
Dec 
Carson City ; Oct 
Nov 
Dec 
Albuquerque- P Oct 
Nov 
Dec 
Portland ; Oct 
Nov 
Dec 
Salt Lake City ; Oct 
Nov 
Dec 
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® Iodine-131 and barium-140 were not detected at these stations during this period. 


b Composite analysis of quarterly samples for each station. 
NA, no analysis. 


potassium, are reported in g/kg of diet, and the 
radionuclide concentrations of these samples, 
reported in pCi/kg of diet, are corrected for 
radioactive decay to the midpoint of the sample 
collection period, where applicable. Dietary in- 
takes in g/day or pCi/day were obtained by 
multiplying the food consumption rate in kg/ 
day by the appropriate concentration values. The 
average food consumption rate during this period 
was 1.86 kg/day compared to the network average 
of 1.87 kg/day observed from 1961 through 1968. 

Strontium-90 dietary intake during this period 
averaged 6 pCi/day. This result falls within 
Range I as defined by the Federal Radiation 
Council (4). Cesium-137 intakes averaged 9 pCi/ 
day during this period. Strontium-89, barium-140, 
and iodine-131 concentrations were below detect- 
able levels. 

All concentrations that are less than or equal 
to the appropriate minimum detectable level 
are reported as zero. The minimum detectable 
concentration is defined as the measured con- 
centration equal to the 2-standard deviation 
analytical error. Accordingly, the minimum de- 
tectable limits are as follows: 


Strontium-89 5 pCi/kg 


Strontium-90 
Iodine-131 
Barium-140 
Cesium-137 


2 pCi/kg 
10 pCi/kg 
10 pCi/kg 
10 pCi/kg 


Data from eight auxiliary stations are included 
in a separate table for general information. This 
is presented in table 2. These stations do not 
meet the criterion that the majority of the sam- 
ples are collected from children who range in age 
from 9-12 years. In order to supplement the exist- 
ing environmental monitoring networks of the 
Bureau of Radiological Health, these eight in- 
stitutions are being sampled in the same manner 
as the basic stations. 


Annual averages 


Annual average radionuclide concentrations 
and intakes are presented in tables 3 and 4 for 
the basic and auxiliary stations. During 1969, 
the annual average intake for the basic stations 
was 1.87 kg/day as compared to 1.98 kg/day 
in the auxiliary stations. The levels of radio- 
nuclide concentrations in both the basic and 
auxiliary stations were similar. 
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Table 3. 


1969 annual average concentration and intake of stable elements and radionuclides 


in institutional total diets of children (9-12 years of age) * 





Total 
weight 
(kg /day) 


F re Calcium> 
Location of institution 


g/day 


0. 
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® Strontium-89, iodine-131, and barium-140 were not detected at most stations during the year 1969. The exceptions are as follows: 


January: 6 pCi/kg of strontium-89 was reported in Phoemz, Ariz. 
February: 12 pCi/kg of iodine-131 was reported in Pittsburgh, Pa. 
July: 6 pCi/kg of strontium-89 was reported in Boston, Mass. 

> Composite analysis of quarterly samples for last 6 months of year. 

¢ Radium analyses were only conducted for first 6 months of year. 


4 Since food samples were collected from two or more children who were not between the ages of 9 to 12, the gamma analyses were not used in the 
institutional average. All chemistry data were included in the institutional average since this analysis for the last 6 months of the year was a composite 


of three or less individual samples. 


Table 4. 


1969 annual average concentration and intake of stable elements and radionuclides 


in institutional total diets of individuals (auxiliary stations) * 





Total 
weight 
(kg/day) 


; : Calcium» 
Location of institution 
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Columbia 
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® Strontium-89, iodine-131 and barium-140 were not detected at most stations during the year 1969. 


The exceptions are as follows: 
January: 8 pCi/kg of strontium-89 was reported in Portland, Oreg. 
July: 11 pCi/kg of strontium-89 was reported in Juneau, Alaska. 


November: 12 pCi/kg of barium-140 was reported in Albuquerque, N. Mex. 
b Composite analysis of quarterly samples for each station for the last 6 months of the year. 


¢ Radium analyses were only conducted for first 6 months of year. 


Recent coverage in Radiological Health Data and Reports: 


Period 
January—March 1969 and 
Annual Summary 1968 
April-June 1969 
July-September 1969 


Issue 


October 1969 
January 1970 
June 1970 


REFERENCES 


(1) ANDERSON, E. C., D. J. NELSON, Jr. Surveillance 
for radiological contamination in foods. Amer J Public 
Health 52:1391-1400 (September 1962). 
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(2) PUBLIC HEALTH SERVICE, DIVISION OF 
RADIOLOGICAL HEALTH. Radionuclides in institu- 
tional total diet samples, January-March 1965. Radiol 
Health Data 6:548-554 (October 1965). 

(3) PUBLIC HEALTH SERVICE, NATIONAL 
CENTER FOR RADIOLOGICAL HEALTH. Radio- 
nuclides in institutional total diet samples, January-March 
1968. Radiol Health Data Rep 9:557-560 (October 1968). 

(4) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 2. Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 
20402 (September 1961). 
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SECTION Il. WATER 


The Public Health Service, the Federal Water 
Quality Administration and other Federal, State, 
and local agencies operate extensive water quality 
sampling and analysis programs for surface, 
ground, and treated water. Most of these pro- 
grams include determinations of gross beta and 
gross alpha radioactivity and specific radionu- 
clides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary im- 
portance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for approval 
of a drinking water supply containing radium-—226 
and strontium-90 as 3 pCi/liter and 10 pCi/liter, 


Water sampling program 

Minnesota 

New York 

North Carolina 

Radiostrontium in tap 
Water, HASL 

Tritium Network 

Washington 





REFERENCES 


(1) U.S. PUBLIC HEALTH SERVICE. Drinking water 
standards, revised 1962, PHS Publication No. 956. 
Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402 (March 1963). 

(2) FEDERAL RADIATION COUNCIL. Radiation 
Protection Guidance for Federal Agencies, Memorandum 
for the President, September 1961. Reprint from the 
Federal Register of September 26, 1961. 
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Period reported 


January—June 1969 . 
January—June 1969 
January—December 1967 


January—December 1969 
July-December 1969 
July 1967-June 1968 


respectively. Limits may be set higher if the total 
intake of radioactivity from all sources remains 
within the guides recommended by FRC for con- 
trol action. In the known absence! of strontium—90 
and alpha-particle emitters, the limit is 1,000 
pCi/liter gross beta radioactivity, except when 
additional analysis indicates that concentrations 
of radionuclides are not likely to cause exposures 
greater than the limits indicated by the Radiation 
Protection Guides. Surveillance data from a num- 
ber of Federal and State programs are published 
periodically to show current and long-range trends. 
Water sampling activities recently reported in 
Radiological Health Data and Reports are listed 
below. 


1 Absence is taken to mean a negligibly small fraction of 
the specific limits of 3 pCi/liter and 10 pCi/liter for un- 
identified alpha-particle emitters and _ strontium-90, 
respectively. 


Issue 


January 1970 
June 1970 
May 1969 


July 1970 
July 1970 
June 1969 


(3) FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation Protection 
Standards, Report No. 1. Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 20402 
(May 1960). 

(4) FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation Protection 
Standards, Report No. 2. Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 20402 
(September 1961). 
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Radioactivity in California Waters’ 
July-December 1968 


Bureau of Radiological Health 
State of California Department of Public Health 


Gross beta radioactivity in California domestic 
waters is monitored by the State of California’s 
Bureau of Radiological Health. The importance 
of this program in the State’s environmental 
surveillance activities stems from the fact that 
most of California’s domestic water supplies are 
of surface origin. 

Radioactivity in such water supplies consists 
of the natural radioactivity in surface streams, 
radioactivity added by the discharge of sewage 
or by industrial waste effluents, and radioactivity 
from fallout, particularly fallout into open ter- 
minal or distribution reservoirs. Present efforts 
consist of sampling raw and treated surface waters 
and well waters. It should be noted that except 
for large metropolitan water supplies, raw water 
sampling is being phased out and treated water 
sampling being substituted or continued. This 
procedural change is predicated upon sampling 
water at the point of consumption. 

Most of the supplies sampled have, as a source, 
raw surface waters (figure 1), although a few wells, 
along with some water supplies that use infiltra- 
tion galleries, are also sampled. 

Monitoring of domestic water supplies is on 
a continuing basis, since it has not been possible 
to forecast levels of radioactivity in these supplies 
based upon levels in rain, snow, or surface streams. 
Under the present sampling schedule, monthly 
500-ml samples are collected and the total solids 
analyzed for alpha and beta radioactivity. In 
addition, 3-liter samples are collected monthly 
for approximately 6 months and composited 
for specific radionuclide analysis on a semiannual 
basis. 


Analytical procedures 


Radionuclide analyses of water are carried 
out in the State’s Sanitation and Radiation 


1 Data from January and April 1969 issues of Radiological 
Health News, State of California, Department of Public 
Health, Bureau of Radiological Health, 2151 Berkeley Way, 
Berkeley, Calif. 94704. 
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Figure 1. California surface water sampling stations 


Laboratory. Measurements of alpha and alpha- 
plus-beta radioactivities are made with a low- 
background windowless gas-flow proportional 
counter. Counting methods used follow those 
recommended by the U.S. Public Health Service 
(2). 

Individual samples are evaporated to dryness 
and the residue ashed at 450°C. The ashed sample 
is dissolved and transferred to an aluminum 
planchet for beta-particle counting. Specific ra- 
dionuclides are determined semiannually on com- 
posite samples. Gamma-ray emitting nuclides are 
determined by gamma-ray spectroscopy and 
radium and radiostrontium by chemical separa- 
tion and counting. 


Discussion 


Table 1 shows the monthly average beta radio- 
activity in the suspended-plus-dissolved solids 
in surface water supplies in California from July 
through December 1968. Following treatment, 
these waters are used for industrial and domestic 
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Gross beta radioactivity in California domestic waters, July-December 1968 





Concentration 
, ‘ , (pCi/liter) 
Sampling station Quality 
} 


August September October November December 


Alturas -__--- : eee als al! } 3¢ NS ail 
Antioch : Treated 4 2 a2 | d NS a8 
Berkeley eee ag : ay j 5 ag 
Clensiee Highlands. .-| Treated 5 
Crescent C $n ones iets -| Well 
Death Valley- Seas acai Treated 
Dos Palos___- ; os 
El Centro___- , ‘ -| Treated 
ee eal Raw 
Treated 
Fort Bragg-_- jenn .-| Treated 
Lake Arrowhead________- 5 Treated 
Lake Millerton ‘ . ee ae Raw 
Los Angeles Raw 
Marin Munic ipal Water District_____| Treated 
Mariposa _ - -- - ..-.-| Treated 
Metropolitan Water District of 
Southern California: 

Weymouth Plant ‘ ---| Treated 

Monterey - - : 





Needles ___ 
North Marin Water District 


Sludge» 
Oroville: 
Ww ve ine District__...| Treated 
Pleasanton__- ‘ Well 
Redding - - - - -- phen a > 
Sacramento: 
American River-___-- - -- ----.--| Treated 
Sacramento- bas eae Treated 
San Diego _- — seine Raw 
Treated 
San Francisco: 
Water Department- -- ‘ --| Raw 
Alameda, East----- - - ‘ .| Raw 
Brightside Weir___--- : .--| Raw 
Calaveras Reservoir ee Raw 
Crystal Springs- - - - J . Raw 
Hetch nneieni ne ‘ ..-| Raw 
San Jose___- ‘ eee 
Santa Barbara___ sack - Treated 
Santa Cruz___- Seiniabaiaals .--| Raw 
Santa Rosa ; fella ies Raw 
Scotia SS ie Raw 
Tahoe C saa ee Raw 
‘ ‘ Well 











, -™ Hill Raw 

Treated | 
Willits___ | Treated | 
Yosemite Treated 





Maximum 





Minimum... 








® When the counting rate of the sample is not equal to at least twice the 0.95 error, the value reported is the best estimate, but is not statistically 
significant. 

b Sludge reported in pCi/g (dry weight). 

NS, no sample collected. 

ND, no detectable activity. 


purposes. Because alpha radioactivity in water Recent coverage in Radiological Health Data and Reports: 
has, in general, been undetectable or very slight, pated ; rene laa 

alpha radioactivity analyses are not presented. anmary-Jane 1908 scsmber 1909 
Radioactivity or very = = radioactivity REFERENCE 

analyses are not presented. Radioactivity in ,) pupiic HEALTH SERVICE, DIVISION OF 
surface water remains low. No increase has been RADIOLOGICAL HEALTH. Radionuclide analyses of 
observed in drinking water because of the testing environmental samples, R 59-6. Radiological Health 


: ‘ Research Activities, Robert A. Taft Sanitary Engineering 
of nuclear devices during the past several years. Center, Cincinnati, Ohio 45226 (November 16, 1959). 
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SECTION If. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earliest 
indications of changes in environmental fission 
product radioactivity. To date, this surveillance 
has been confined chiefly to gross beta-radio- 
analysis. Although such data are insufficient to 
assess total human radiation exposure from fall- 
out, they can be used to determine when to modify 
monitoring in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized periodi- 


Network 
Fallout in the United States 
and Other Areas, HASL 
Plutonium in Airborne 
Particulates and Precipitation 
Tritium in Precipitation 
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Period 


January—June 1968 


July-December 1969 
July-December 1969 


cally to show current and long-range trends of 
atmospheric radioactivity in the Western Hemi- 
sphere. These include data from activities of the 
U.S. Public Health Service, the Canadian De- 
partment of National Health and Welfare, the 
Mexican Commission of Nuclear Energy, and 
the Pan American Health Organization. 

In addition to those programs presented in 
this issue, the following programs were previously 
covered in Radiological Health Data and Reports. 


Issue 


October 1969 


June 1970 
July 1970 





1. Radiation Alert Network 
April 1970 


Bureau of Radiological Health 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 73 locations distributed throughout 
the country (figure 1). Most of the stations are 
operated by State health department personnel. 

The station operators perform “‘field estimates” 
on the airborne particulate samples at 5 hours 
after collection, when most of the radon daughter 
products have decayed, and at 29 hours after col- 
lection, when most of the thoron daughter prod- 
ucts have decayed. They also perform field es- 


timates on dried precipitation samples and report 
all results to appropriate Bureau of Radiological 
Health officials by mail or telephone depending 
on levels found. A compilation of the daily field 
estimates is available upon request from the 
Radiological Surveillance Branch, Division of 
Environmental Radiation, BRH, Rockville, Md. 
A detailed description of the sampling and analyti- 
cal procedures was presented in the April 1968 
issue of Radiological Health Data and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates and 
deposition by precipitation as measured by the 
field estimate technique during April 1970. Time 
profiles of gross beta radioactivity in air for eight 
Radiation Alert Network stations are shown in 
figure 2. 

All field estimates reported were within normal 
limits for the reporting station. 





e'telena 
e 


Bismarck | 


/ @august 
7 gusta 
¢ 


« 
porte Concord 


Santa Fe® 


» 
Honolulu® SD 


HAWAII 


Point Barrow @\, 
~ 
C 


00 200 


5 
Nome 


D 





Fairbanks 
ha prAnchorage 
t. Pou Ir * 

Island @ \y fe 

&, Adak 
ALASKA a 


——y Juneau 
Kodiak 
4 : 
° +400 
ee A 








Minneapolis? \ 
Pierre® 


Madisor® 
lowa 
City® ? 


\ \u 
—y Indianapol! ” ae 


tt 
Springti “ Cincinne 
VS echorfesio" 


“nn : a _pohitin 5 a. 
ity 


Ponca City® r “- Zi - 
Oklahoma® } 

City 

Non e 


us 
mbu a 


ee 


yd yond 
@Neoshville 7 eo 


\ 


e @montgomery 
Jackson ( 


— 
Jacksonvill 


Austin 





sén uo 7S 











Albee 


pichmond = 


Lawrence 
Winchester 
= 
e rovidence 
Hartford 


New York City 


Ancon 
ee 
a * 
[PANAMA 


CANAL ZONE A 











GUAM —s 











Figure l. 


Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, April 1970 


Air surveillance Precipitation 


Station location : Gross beta radioactivity | ofi | Field estimation of deposition 
Number (pCi/m!, Number | Total 


in 
of | RHD&R of depth | 
s sseiaeadaiaanemapdiintindsiteastiin - samples | (mm) | Number | Depth Total 


samples 


: me of (mm) | deposition 
Maximum | Minimum |Average* samples (nCi/m?) 





Montgomery ----.--..--.-- 2% { Dec 69 
Adak 

Anchorage - - - - 
Attu Island 
Fairbanks 
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Little Rock 
Berkeley------- 
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Jacksonville 
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Topeka 4 ke 2 | June 70 
Frankfort -- - dinainitinga - > Feb 70 
New Orleans nem oe < Feb 70 
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Lincoln__- Apr 70 
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« The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
b No report received. (Air samples received without field estimate data are not considered by the data program.) 

¢ No precipitation sample collected. Hae ‘ 

4 This station is part of the plutonium in precipitation network. No gross beta measurements are done. 
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AVERAGE GROSS BETA CONCENTRATION (pCi/m) 


AVERAGE GROSS BETA CONCENTRATION (pCi/m) 
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Figure 2. 
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2. Canadian Air and Precipitation Monitoring ‘Table 2. 


Program!, April 1970 


Canadian gross beta radioactivity in surface 
air and precipitation, April 1970 

a 

ours ° Cte | Air surveillance, gross Precipitation 

Radiation Protection Division Peer snef 





| beta radioactivity 
Department of National Health and Welfare 


(pCi/m’) 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are 
located at airports (figure 3), where the sampling 
equipment is operated by personnel from the 
Meteorological Services Branch of the Department 
of Transport. Detailed discussions of the sampling 
procedures, methods of analysis, and interpre- 
tation of results of the radioactive fallout program 
are contained in reports of the Department of 
National Health and Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and Re- 
ports. 

Surface air and precipitation data for April 
1970 are presented in table 2. 


1 Prepared from information and data obtained from the 
Canadian Department of National Health and Welfare, 
Ottawa, Canada. 


Station 


Calgary. 
Coral Harbour 
Edmonton___- 
Ft. Churchill 


Fredericton___- 
Goose Bay 
Halifax 

Inuvik 


Montreal___- 
Moosonee 
Ottawa 
Quebec 


Regina__ 
Resolute 

St. John’s, Nfld__ 
Saskatoon _- 


Sault Ste. Marie 
Thunder Bay- 
Toronto 
Vancouver 


Whitehorse_ 
Windsor 
Winnipeg 
Yellowknife 
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Figure 3. Canadian air and precipitation sampling stations 


August 1970 


ration 
(pCi 
liter) 





Total 
deposi- 
tion 
(nCi 
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3. Mexican Air Monitoring Program 


December 1969 


National Commission of Nuclear Energy 
Mexico, D.F. 


The Radiation Surveillance Network of Mexi- 
co was established by the Comisién Nacional de 
Energia Nuclear (CNEN), México, D.F. From 
1952 to 1961, the network was directed by the 
Institute of Physics of the University of Mexico, 
under contract to the CNEN. 

In 1961, the CNEN appointed its Division 
of Radiological Protection to establish a new 
Radiation Surveillance Network. In 1966, the 
Division of Radiological Protection was re- 
structured and its name changed to Direccién 
General de Seguridad Radiolégica (DRS). The 
network consists of 16 stations (figure 4), 11 of 
which are located at airports and operated by 
airline personnel. The remaining five stations are 
located at México, D.F.; Mérida; Veracruz; 
San Luis Potosi; and Ensenada. Staff members 
of the DRS operate the station at México, D.F., 
while the other four stations are manned by 
members of the Centro de Previsidn del Golfo 


de México, the Chemistry Department of the Uni- 
versity of Mérida, the Institute de Zonas De- 
sérticas of the University of San Luis Potosi, 
and the Escuela Superior de Ciencias Marinas of 
the University of Baja California, respectively. 


Sampling 


The sampling procedure involves drawing air 
through a high-efficiency 6 by 9-inch glass-fiber 
filter for 20 hours a day, 3 or 4 days a week at 
the rate of 1,000 cubic meters per day using high 
volume samplers. 

After each 20-hour sampling period, the filter 
is removed and shipped via airmail to the Seccién 
de Radioactividad Ambiental, CNEN, in México, 
D.F., for assay of gross beta radioactivity, al- 
lowing a minimum of 3 or 4 days after collection 
for the decay of radon and thoron daughters. 
The data are not extrapolated to the time of 
collection. Statistically, it has been found that 
a minimum of five samples per month was needed 
to get a reliable average radioactivity at each 
station (6). 

The maximum, minimum, and average beta 
radioactivity in surface air during December 
1969 is presented in table 3. 
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Mexican air sampling locations 
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Table 3. Mexican gross beta radioactivity of airborne 
particulates, December 1969 


| } Gross beta radioactivity 
| Number| (pCi/m') 

Station of - 
samples 


| Maximum | Minimum | Average 


Acapulco 
Chihuahua 
Ciudad Juarez 
Ensenada 


| 
0.1 0. 
1 | ; 


Guadalajara 
Guaymas___- 
La Paz__- 

Matamoros. 


Mazatlan___- 
Mérida___- 

México, D.F. 
Nuevo Laredo 





San Luis Potosi 

Tampico 

Torreén 

Veracruz NS | 
| 


NS, no sample, station temporarily shutdown. 





4. Pan American Air Sampling Program 
April 1970 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the U.S. Public Health Service (PHS) to 
assist PAHO-member countries in developing 
radiological health programs. 

The air sampling station locations are shown 
in figure 5. Analytical techniques were described 
in the January 1968 issue of Radiological Health 
Data and Reports. The April 1970 air monitoring 
results from the participating countries are given 
in table 4. 


August 1970 
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Figure 5. Pan American Air Sampling 


Program stations 


Table 4. Summary of gross beta radioactivity in 


Pan American surface air, April 1970 


Gross beta radioactivity 
; Number (pCi/m') 
Station 
Maximum | Minimum | Average* 


Argentina: Buenos Aires 
Bolivia: La Paz Ni 
Chile: Santiago 2 0.19 
Colombia: Bogota | 2 13 
Ecuador: Cuenca_. 

Guayaquil 

Quito | 
Guyana: Georgetown : .37 
Jamaica: Kingston vS 
Peru: Lima 
Venezuela: Caracas , .50 
West Indies: Trinidad : -28 | 
0.50 | 

| 


Pan American summary. 


® The monthly average is calculated by weighting the individual samples 
with length of sampling period. Reported values of less than 0.005 pCi/m#* 
are considered as 0.00 pCi/m! in averaging. 

NS, no sample. 





5. Plutonium in Airborne Particulates 
January-March 1969 


Bureau of Radiological Health 
U.S. Public Health Service 


The Radiation Alert Network (RAN) of the 
Bureau of Radiological Health, Public Health 
Service, routinely analyzes airborne particulate 
samples from selected RAN stations for plutoni- 
um. The airborne particulate analyses were ini- 
tiated in November 1965, and the results through 
December 1968 have been previously reported 
(7-18). 

Air filters from 11 RAN stations are analyzed 
for plutonium. A monthly composite is made of 
one-half of each individual air filter from each of 
the 11 stations and sent to the PHS Northeastern 
Radiological Health Laboratory (NERHL) for 
analysis. The laboratory reduced this analysis 


| 
Anchorage| Phoenix Denver | 


Plutonium-238 (fCi/m?) 
January-March .019 

| 

Plutonium-239 (fCi/m?) } 
January-March .071 








239Py /238Py 
January-March 
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| New 
| Honolulu | Orleans 
| | 


.008 | 
| 


| 
-033 


on filters to quarterly composites as of the August 
1968 sample. They also discontinued analysis 
of precipitation for plutonium due to consistently 
low levels of plutonium in the environment after 
September 30, 1968. 

The results for January through March 1969 
are presented in table 5. ND (nondetectable) 
has been used to indicate samples containing 
plutonium-238 or plutonium-239 activities less 
than or equal to the appropriate minimum de- 
tectable activities (.020 pCi and .015 pCi per 
sample for plutonium-238 and plutonium-239, 
respectively). Sample size varies, generally ranging 
from 20,000 to 30,000 cubic meters of air for the 
air filter samples. 


Table 5. Plutonium in airborne particulates, January-March 1969 


Rockville Buffalo Gastonia Pierre Austin | Seattle 


-014 


-058 
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SECTION IV. OTHER DATA 


This section presents results from routine here are such data as those obtained from human 
sampling of biological materials and other media bone sampling, Alaskan surveillance and en- 
not reported in the previous sections. Included __ vironmental monitoring around nuclear facilities. 


Environmental Levels of Radioactivity at Atomic Energy 
Commission Installations 


The U.S. Atomic Energy Commission (AEC) _ set forth by AEC’s Division of Operational Safety 
receives from its contractors semiannual reports in directives published in the “AEC Manual.?” 
on the environmental levels of radioactivity in Summaries of the environmental radioactivity 
the vicinity of major Commission installations. data follow for Atomics International, Neutron 
The reports include data from routine monitoring Devices Department, and Feed Materials Pro- 
programs where operations are of such a nature duction Center. 
that plant environmental surveys are required. ~~ 1 Title 10, Code of Federal Regulations, Part 20, “Stand- 

Releases of radioactive materials from AEC ards for Protection Against Radiation” contains essentially 


‘ , er? the standards published in Chapter 0524 of the AEC 
installations are governed by radiation standards Manual. 








1. Atomics International.” 


July-December 1969 


North American Rockwell Corporation 
Canoga Park, Calif. 


Atomics International, a division of North _ relation to nearby communities is shown in figure 
American Rockwell Corporation, has engaged 1. 
in atomic energy research and development since The basic concept of radiological hazard con- 
1946. The company designs, develops, and con- _trol at Atomics International requires adequate 
structs nuclear reactors for central station and containment of radioactive materials and, through 
compact power plants for medical, industrial, rigid operational controls, minimizes effluent 
and scientific applications. releases and external radiation levels. The en- 

The company headquarters is located in Canoga _ vironmental monitoring program provides a mea- 
Park, Calif., approximately 23 miles northwest sure of the effectiveness of the company’s radio- 
of downtown Los Angeles. The 290-acre Nuclear logical safety procedures and of engineering 
Development Field Laboratory (Santa Susana safeguards incorporated into facility designs. 
Facility), equipped with extensive testing fa- The onsite environs of Atomic International 
cilities for the support of advanced nuclear studies, headquarters and Nuclear Development Field 
is located in the Simi Hills of Ventura County, Laboratory (NDFL) are surveyed monthly to 
approximately 29 miles northwest of downtown determine the concentration of radioactivity in 
Los Angeles. The location of the above sites in _ typical surface soil, vegetation, and water samples. 

The offsite environs are sampled monthly, ex- 

Summarized from “Environmental Monitoring, Semi- cept for soil and vegetation which are sampled 
annual Report, July 1, 1969 to December 31, 1969” Atomics — quarterly. In addition, continuous environmental 
International, Division of North American Rockwell E ae : 4 . ; 
Corporation. air monitoring at the sites provides information 
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Figure 1. 


concerning long-lived airborne particulate radio- 
activity. 


Air monitoring 


Environmental air sampling is conducted con- 
tinuously at the headquarters and NDFL sites 
with automatic air samplers operating on 24- 
hour sampling cycles. Airborne particulate radio- 
activity is collected on HV-70 filter paper which 
is automatically changed at the end of each 
sampling period. The filter is removed from the 
sampler and counted after the radioactivity is 
allowed to decay for at least 72 hours. The volume 
of a typical daily environmental air sample is 
approximately 20 cubic meters. The average 
concentration of long-lived beta-gamma radio- 
activity on airborne particulates is presented in 
table 1 for July-December 1969. 


Table 1. Beta-gamma radioactivity of airborne 
particulates, Atomics, July-December 1969 





Number of 
samples 


Average 
concentration® 
Ls /m§) 


Location 


Headquarters - __ - -- . 
NDFI 





«@ Minimum detectable level—0.04 pCi/m?. 


August 1970 


Atomics International facilities and vicinity 


When abnormally high airborne radioactivities 
are observed, the radioactivity decay data are 
plotted to determine the presence of short-lived 
isotopes other than naturally occurring radon, 
thoron, and daughters. If fallout is suspected, 
the decay characteristics are observed. If the 
radioactivity decays as a function of t-!*, the 
data curve is extrapolated in order to determine 
the date of origin. This data is compared with the 
dates of publicized nuclear detonations to de- 
termine if the abnormal airborne radioactivity 
was caused by such detonations. 

A graph of averaged long-lived airborne radio- 
activity concentrations detected at the Head- 
quarters and NDFL facilities during the second 
half of 1969 is presented in figure 2. The graph 
shows the incidence of several sustained periods 
of increased airborne radioactivity during the 
year, with a generally increasing trend through 
the spring months and diminishing through the 
fall. No significant transient peaks were detected 
during 1969. 


Water monitoring 


Process water used at the NDFL is obtained 
from Ventura County Water District No. 10 
and distributed onsite by the same piping system 
previously used when process water was supplied 
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Figure 2. 


Long-lived airborne radioactivity at Atomics 


International, 1969 


by onsite wells. Pressure is provided by elevated 
storage tanks, one 50,000-gallon and one 500,000- 
gallon tank onsite. While clinically potable, 
the water is not used for drinking. Bottled potable 
water is delivered by a vendor and is not analyzed. 
Water from the pipe system is sampled monthly 
at two locations. The average process water 
radioactivity concentration is presented in table 2. 


Table 2. Process water radioactivity, NDFL site 
July-December 1969 


| Number of 


Type of radioactivity samples 


Average 
concentration 
(pCi/liter) 


Alpha_- 
Beta-gamma 


Soil, vegetation, and water are sampled monthly 
at Chatsworth Reservoir which is operated by 
the Los Angeles City Department of Water and 
Power. Normally, one water sample is obtained 
from the lake surface and a second sample is 
obtained from the reservoir water supply inlet 
located on the north side of the lake. The lake 
was drained in July 1969 for construction, thereby 
precluding sampling for most of the last half of 
1969. The average radioactivity for both surface 
and supply water samples is presented in table 3. 

Surface discharged waters from NDFL facilities 
drain into holding reservoirs on adjacent property. 
When full, the main reservoir is drained into Bell 
Creek, a tributary of the Los Angeles River in 
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Table 3. 


Chatsworth Reservoir water radioactivity 
Atomics, July-December 1969 





Number of 
samples 


Average 
concentration 
(pCi/liter) 


Lake surface 

| Beta-gamma- 
Alpha_-_- - - - 
Beta-gamma_ 


Supply inlet__ 








the San Fernando Valley, Los Angeles County. 
Pursuant to the requirements of Los Angeles 
Regional Water Quality Control Board Resolu- 
tion 66-49 of September 21, 1966, an environ- 
mental sampling station has been established in 
Bell Creek Canyon approximately 2.5 miles 
downstream from the south NDFL boundary. 
Samples, obtained and analyzed monthly, include 
stream bed mud, vegetation, and water. Average 
radioactivity concentrations in the main holding 
reservoir and Bell Creek samples are presented in 
table 4. 


Table 4. Radicactivity in the Rocketdyne reservoir 
and Bell Creek*, July-December 1969 





Sample description Number of 


Alpha Beta 
(units) samples 


radioactivity radioactivity 


Reservoir station 6 water* 
(pCi/liter) _ _ 
Reservoir station 12 
water*® (pCi/liter) - wid 
Bell Creek mud (pCi/g) --- 
Bell Creek vegetation 
(pCi/g ash) 
Bell Creek water 
(pCi /liter) 














* Location not shown on figure 1. 
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Soil and vegetation monitoring 


Soil and vegetation are regularly sampled at 
25 locations. Eleven sampling stations are lo- 
cated within the boundaries of Atomics Inter- 
national’s sites and are referred to as “onsite” 
stations. The remaining 14 stations, located within 
a 10-mile radius of the sites, are referred to as 
“off-site’”’ stations. 

Surface soil types available for sampling range 
from decomposed granite to clay and loam. Sam- 
ples are taken from the top half-inch layer of 
ground surface. The soil samples are packaged 
and sealed in plastic containers and returned to 
the laboratory for analysis. Radioactivity in 
soil samples is presented in table 5. 


Table 5. Radioactivity in the soil, Atomics 


July-December 1969 


2. Feed Materials Production Center.’ 


July-December 1969 


National Lead Company 
Fernald, Ohio 


The Feed Materials Production Center (FMPC) 
is operated by the National Lead Company of 
Ohio for the Atomic Energy Commission (AEC). 
The location as related to populated areas is 
shown in figure 3. Cincinnati and Hamilton, the 
larger nearby communities, are situated 20 and 
10 miles from the center, respectively. Operations 
at this project deal with the processing of high- 
grade uranium concentrates to produce metallic 
uranium and with fabricating the metal into fuel 
elements. 





Type of 
radioactivity 


Number of 
samples 


Average 
concentration 
(pCi/g) 


Beta-gamma__- -- 














Vegetation samples obtained in the field are 
of the same plant type wherever possible, gener- 
ally, sunflower or wild tobacco plant leaves. These 
types maintain a more active growth rate during 
the dry season than do most natural vegetation 
indigenous to the local area. Vegetation leaves 
are stripped from plants and transferred to the 
laboratory for analysis. Plant root systems are 
not routinely sampled. Radioactivity in vege- 
tation samples is presented in table 6. 


Table 6. Radioactivity in vegetation, Atomics 
July-December 1969 





Number of 
samples 


Type of 


[ ; Average 
radioactivity 


concentration 
(pCi/g ash) 


.| Alpha__-_- -- ea 

Beta-gamma__---- 2 171 
Offsite ___- Alpha Ml . 
Beta-gamma-_----- 146 


Onsite __ 


34 
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Figure 3. 


3 Summarized from “Feed Materials Production Center 
Environmental Monitoring Semiannual Report for the 
Second Half of 1969, Summary Report for 1969 
(NLCO-1055). 
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During the past 2 years the project has also 
processed thorium to produce purified oxide and 
metal. The process of these products is essentially 
the same as used in producing uranium. 

During the many involved reactions and proc- 
esses that lead to the production of reactor fuels, 
various liquid and airborne wastes are generated. 
These wastes contain varying quantities of ura- 
nium and thorium. Various in-plant methods are 
used to curtail their release into the environment 
surrounding the plant. Almost complete removal 
of the materials is accomplished by using dust 
collectors and waste treatment processes. An 
environmental monitoring program has _ been 
established to determine the concentrations of 
plant materials in the water and air outside the 
project. 


Air monitoring 


Onsite air samples are obtained from four 
permanent perimeter air sampling stations, lo- 
cated at the four corners of the production area 
as shown in figure 4. Samples from these perimeter 
stations are collected once each week and ana- 
lyzed for uranium and total radioactivity. Off- 
site samples are collected by a mobile air sampling 
unit. The location at which samples are collected 
is determined by local meteorological conditions 
on the day of sampling. Approximately 80 percent 
of all samples are taken downwind of the FMPC 
plant. Replicate samples are taken at each sam- 
pling point and averaged to obtain a representa- 
tive concentration for that location. An analysis 
for thorium is not considered necessary because 
of the small amount of thorium handled in the 
project. Concentrations of uranium and _ total 
radioactivity of airborne particulates sampled 
at onsite and offsite locations are given in table 7. 

The results of sampling indicate that the off- 
site concentrations averaged only 5 percent of 
the AEC standard for uranium and 0.2 percent 
for total radioactivity. 


Water monitoring 


Each of the individual production plants on the 
project has collection sumps and treatment equip- 
ment to remove the uranium from the process 
waste water. The effluent from the plants are col- 
lected at a general sump for additional treatment 
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Figure 4. Air and water sampling stations, FMPC 


and settling. The clear water from the sump is 
pumped to the river. The solid portion is pumped 
to a chemical waste pit for further <attling. The 
clear effluent from the pit is then combined with 
three other types of project waste water and 
discharged via a common effluent outfall into the 
Great Miami River. A Parshal-Flume-type water 
sampler collects samples of the combined effluent 
stream, which are removed and analyzed daily. 
These results are utilized with measurements of 
river flow in calculating the radioactive con- 
taminant concentrations added to the river. 
Weekly spot samples are obtained upstream ; down- 
stream, a continuous sample is taken for a 24-hour 
period and at least one sample is analyzed each 
week. Samples of the storm sewer overflow are 
collected in an automatic flow integrated sampler 
when overflow occurs. All samples are analyzed for 
uranium, total radioactivity and radium-—228, 
a daughter of thorium—232. Since radium-—228 
has the lowest AEC standard, control of this 
radionuclide and of the total radioactivity insures 
that the AEC standards for the thorium decay 
chain are not exceeded. 

The average concentrations of all sampled con- 
taminants at the downstream position indicate 
each contaminant was well below the AEC 
standard. It may be concluded from sampling 
and calculations that the FMPC effluent produced 
little change in the river’s quality. The results 
of the FMPC water monitoring program for 
July—December 1969 are summarized in table 8. 
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Table 7. Radioactivity levels of airborne particulates, FMPC, July-December 1969 





Uranium concentration* 


Total radioactivity 
(pCi/m!) i 


Location Number of (pCi/m’) 


samples a eneeneenetes a - rae = 


Maximum | Minimum | Average | Maximum 
| 


Minimum | Average 


Onsite: 
Southwest _ _-_- 
Northwest _-___ 
Northeast _ - - --_- 
Southeast ___----- 


All onsite samples __ 


Offsite: 
0-2 miles from FMPC___- 
2-4 miles from FMPC__ 
4-8 miles from FMPC__-_ 
8-12 miles from FMPC_-_ 


All offsite samples 


























® AEC radiation protection standard—2 pCi/m%. 
_ » AEC radiation protection standard 
activity. 





Total radioactivity* 
(pCi /liter) 
Number 


Location of samples 


Maximum| Minimum | Average 


Sewer outfall¢___ ‘ y 10 
Upstream from 

outfall _ _ _ : <10 
Downstream from 


outfall_____- - <10 

















Maximum 


100 pCi/m?. Total radioactivity is the sum of the alpha and beta radi 


Table 8. Radioactivity in the Great Miami River, FMPC, July-December 1969 


Concentration 
(pCi /liter) 


Uranium> Radium-228¢ 


“Number | 


j 
Minimum | Average | of compe} Maximum | Minimum | Average 
; } 


| 
<10 <10 2% 2.35 


<10 15 


9¢ 


| 
| 
| 
| 
| 
| 


<10 3 


9<¢ 








® AEC standard—3,000 pCi /liter. Total radioactivity is the sum of the alpha and beta radioactivity. 


b AEC standard—20,000 pCi/liter. 
¢ AEC standard—30 pCi /liter. 


4 Concentrations in the river as calculated from sewer outfall sample results. 


Recent coverage in Radiological Health Data and Reports: 


Period 


July-December 1968 
January—June 1969 


Issue 


August 1969 
March 1970 





3. Neutron Devices Department.‘ 


July-December 1969 


General Electric Company 
St. Petersburg, Fla. 


The Neutron Devices Department (figure 5) 
is an electronic component production facility. 
The plant maintains an environmental monitoring 
program to measure the levels of radioactive en- 
vironmental contamination associated with plant 


4Summarized from ‘‘Environmental Monitoring, July 1 
through December 1969” General Electric Company, 
Neutron Devices Department, St. Petersburg, Fla. 


August 1970 


effluents. These measurements serve as an index 
of the effectiveness of the plant’s contamination 
control measures. Effluent radioactivity con- 
centrations and associated atmospheric and stream 
dilution factors indicate offsite radioactivity 
concentrations encountered by the general popu- 
lation are substantially lower than the guides 
for continuous nonoccupational exposure es- 
tablished by AEC and documented in the “AEC 
Manual.” 


Sewer effluent monitoring 


A combined sewer effluent sample is obtained 
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Figure 5. Location of the Neutron Devices Department 


daily near the perimeter of the plant’s property. 
During the sampling period seven of 104 samples 
analyzed showed detectable concentrations of 
tritium (>90 nCi/liter). The maximum concen- 
tration (1.27 uCi/liter, detected on August 28, 
1969) represented 42 percent of the continuous 
nonoccupational exposure guide. Calculations 
based on radioactivity releases from the process 
waste system and the plant’s water discharges 
indicate that the average tritium concentration 
in the combined sewer effluent for the second half 
of 1969 was less than 3.8 percent of the AEC 
standard for continuous nonoccupational ex- 
posure. 


Surface water sampling 


Surface water samples are collected at monthly 
intervals at selected locations within 8 miles of 
the plant. The sampling areas are determined by 
interrelating the concentrations of radioactivity 
in exhaust stack effluent with meteorological 
data. There were no indications of tritium (>90 
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nCi/liter) in the 115 surface water samples ana- 
lyzed during the sampling period. 


Milk sampling results 


Analyses of 7 raw milk samples, collected from 
one local dairy farm by the Pinellas County 
Health Department, revealed no detectable con- 
centrations ( >90 nCi/liter) of tritium. 


Air sampling results 


Nine tritium gas and 11 tritium oxide in air 
samples were collected around the calculated lo- 
cations of maximum ground level concentrations 
during intentional radioactivity releases. The 
maximum concentrations occurred onsite and 
represented approximately 33 percent and 17 
percent of the AEC standards for tritium oxide 
and tritium gas, respectively. 
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Reported Nuclear Detonations, July 1970 


(Includes seismic signals from foreign test areas) 


The U.S. Atomic Commission announced that 
on July 20, 1970, the United States recorded 
seismic signals, presumably from a Soviet under- 
ground nuclear explosion. The signals, which origi- 
nated in the Semipalatinsk nuclear test area, were 
equivalent to those of an underground nuclear 
explosion in the low-intermediate yield range (20- 
200 kilotons TNT equivalent). 


August 1970 


On July 23, 1970, the United States recorded 
seismic signals, presumably from a Soviet under- 
ground nuclear explosion. The signals, which origi- 
nated in the Semipalatinsk nuclear test area, were 
equivalent to those of an underground nuclear 
explosion in the low-intermediate yield range (20- 
200 kilotons TNT equivalent). 























SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished below in 
reference card format for the convenience of readers who may wish to clip them 
for their files. 


A PRIORITY SYSTEM FOR THE INSPECTION OF X-RAY FACIL- 
ITIES. Bobby L. Dillard and Charles M. Hardin. Radiological Health Data and 
Reports, Vol. 11, August 1970, pp. 367-372. 


A method of establishing a priority system for performing radiation safety 
inspections of specific x-ray facilities by a State radiation control program is 
described. Data obtained from past inspections of radiographic fluoroscopic and 
dental x-ray facilities are evaluated, and a priority number is assigned to these 
facilities. Those facilities with the highest priority number will be surveyed 
first on the next round of inspections. 


KEYWORDS: Fluoroscopy, inspection, Kentucky, radiography, safety, 
survey, system, x-ray facilities. 


DISPOSAL OF RADIOACTIVE WASTES FROM U.S. NAVAL NUCLEAR- 
POWERED SHIPS AND THEIR SUPPORT FACILITIES, 1969. J. J. 
Mangeno and M. E. Miles. Radiological Health Data and Reports, Vol. 11, 
August 1970, pp. 373-378. 


This report summarizes data on disposal of radioactive wastes from U.S. 
Naval nuclear-powered ships and their support facilities and summarizes results 
of environmental monitoring performed to confirm adequacy of waste disposal 
limits and procedures. The waste disposal data presented show that the total 
long-lived radioactivity in liquid waste discharges associated with operation 
and maintenance of Naval nuclear-powered ships totaled 0.05 curies in 1969 for 
all harbors. This is comparable to the average of 0.2 curies discharged per year 
during the preceding 3 years for all harbors and is less than the average of 
4 curies reported discharged per year during the preceding 5 years. Results of 
environmental surveys of harbor water and bottom sediment for gross radio- 
activity and for cobalt-60 have shown that (1) no increase in radioactivity above 
normal background levels has been detected in harbor water, (2) discharges of 
liquid wastes from U.S. Naval nuclear-powered ships have not caused a 
measurable increase in the general background radioactivity of the environment, 
and (3) low-level cobalt-60 radioactivity is detectable in localized areas of harbor 
bottom sediment around a few piers at operating bases and shipyards where 
maintenance and overhaul of Naval nuclear-powered ships have been conducted 
over a period of several years. 

This report confirms that procedures used by the Navy to control discharges 
of radioactivity from U.S. Naval nuclear-powered ships and their support 
facilities are effective in protecting the health and safety of the general public. 


KEYWORDS: Discharges, disposal, harbors, monitoring, nuclear-powered 
ships, radioactivity, U.S. Navy, wastes. 


STANDBY MILK SURVEILLANCE NETWORK. Thomas J. Sharpe and 
John L. _ Radiological Health Data and Reports, Vol. 11, August 1970, 
pp. 379-382. 


The operation of the Standby Milk Surveillance Network of the South- 
western Radiological Health Laboratory is described. Portions of the network 
have been activated on several occasions. Fresh fission products have been 
defined in a number of samples collected from processing plants in the network, 
although in all cases the concentrations of the radionuclides present have been 
well below the recommendations of the Federal Radiation Council. 


KEYWORDS: Milk, United States, iodine-131, surveillance network. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 


is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 
consideration nor have appeared in any other publica- 
tion. 


The mission of Radiological Health Data and Reports 
is stated on the title page. It is suggested that authors 
read it for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Managing 
Editor, Radiological Health Data and Reports, Bureau of 
Radiological Health, PHS, Rockville, Md. 20852. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiological Health Data and Reports. In addition, 
Radiological Health Data and Reports has developed a 
“Guide” regarding manuseript preparation which is 
available upon request. However, for most instances, 
past issues of Radiological Health Data and Reports 
would serve as a suitable guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 





Abstracts: Manuscripts should include a 100- to 150- 
word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of su ted keywords (descriptors) which are 
appropriate indexing terms should be given following 
e abstract. 


Introductory paragraph: The purpose of the investi- 
gation should be stated as early as possible in the 
introductory paragraph. 


Methods: For analytical, statistical, and theoretical 
methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new meth materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 





Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 
ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, ete. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief 
list of symbols and units commonly used in Radiological 
Health Data and Reports is given on the inside front 
cover of every issue and examples of most other matters 
of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the upper 
left of elements in long series or formulas, e.g., 137Cs; 
however, elements are spelled out in text and tables, 
with isotopes of the elements having a hyphen between 
element name and mass number; ¢.g., strontium—90. 


References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 
Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 


of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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